THE 
JOURNAL OF PHYSIOLOGY. 


| EDITED BY 


$m MICHAEL FOSTER, K.C.B, MD. F.RS. 


J. N. LANGLEY, 8c.D., F.BS. 


AIDED, IN THE SELECTION OF PAPERS FOR PUBLICATION, BY 


one 
be Sm T. LAUDER BRUNTON (Lonpoy). _ Pror. T, WESLEY MILLS (Mowrneat). 
Pror. DAVID FERRIER (Lonpoy). Dr F. W. MOTT (Lonpon). 
Emer. Pror. A. GAMGEE. | Pror. E. WAYMOUTH REID (Dunpze). 
De W. H. GASKELL (Camsrmer). Pror. Sm J. B. SANDERSON, Banr. (Oxrorp). 
Pror. F. GOTCH (Oxrorp). Pror. E. A. SCHAFER 
Pror. W. D. HALLIBURTON (Lonpon). Pror. C. 8. SHERRINGTON (Liverrcor). 
‘Mn F. G. HOPKINS Paor. E. H. STARLING (Loxnoy). 
¥ Sm VICTOR HORSLEY (Lonpoy). Pror. W. STIRLING (MancuesteR). 
Dr A. SHERIDAN LEA Pror. ANDERSON STUART (Sypnzy, N.S.W.). 
Pror. A. B. MACALLUM (Toronto). Dr A, WALLER (Lonpoy), 


LONDON: 
©. J. CLAY axp SONS, 
CAMBRIDGE UNIVERSITY PRESS WAREHOUSE, | 
AVE MARIA LANE. | 


wat,” 
33 
a 
> 
‘3 
2 
4 
* 
| 
x 
tg 
vay 
om 
OL. 
| 
| 2a 
‘ 
die 


Cambridge: 
PRINTED BY J, AND Cc. F. CLAY, 
AT THE UNIVERSITY PRESS, 


~ 
By 
be 
% 
4 
A 
i 
4 
Eat | 
> 
; 
eg 
we 
A 
| 
pat 
4 
| 
ae 
a: 
ae \ 


CONTENTS OF VOL. XXVIIL 


Nos. 1 & 2. March 27, 1902. 


A further research into fatigue of the central nervous system 
when caused by electrical stimulation. sl A. G. Levy, M.D. sous 
(Eight Figures in Text.) 1 

Path of impulses for inhibition under decerebrate rigidity. By 
A. M.D., and ©. 8. M.A., M.D., F.B.S, 


(Two Figures in Text.) 14 
Some effects of the ligature of the renal arteries’ in the tog 

By A. P. Bepparp, M.A., M.D. _. 20 
The effect of local injury upon the excitatory electrical response 

"of nerve. By Francis Gotcn, D.Sc, M.A. (Owon.), F.R.S. . 
The innervation of the frog’s stomach. By Watrer E. Dixon, 

M.A., M.D. (Thirteen Figures in Text.) ae ae 
Some experiments on the functions of the medulla of ne kdey 

By Francis D. Born, M.D., F.R.C.P. (Hdinb.) 76 


The relationship of the spleen to the formation of the blood 
corpuscles. By D. Paton, G. Love and J. 8. 
Fowzer. (Ten Figures in Text.) . 


‘The influence of subcutaneous injections of of 
dextrose on the metabolism in the dog. By James Scort, M.D. . 107 


Note on the absorption of the —— of oatmeal ” the Lops 
By D. Nok. Parton. ‘ 119 


On the residual pressures in i vascular ae when the 
circulation is arrested. LEONARD M.B., F.R.S. 
Figures in Text.) 122 


Pancreatic diastase, and its zymogen. By H. M. M.A., 
M.D. (Six Figuresin Text. . . 137 


The differences of action of various diastases. By H. M. Veron, 
M.D, (Two Figures in Text.) 156 


On the digestion of cane sugar. By J. H. Wineaiend: M.A. 175 


« 
an 
4 
a 
ty 4 
a 
> 
4 
i 
4, 
g 
2 
Mal 
i 
3 
“a 
a 
' | 
4g 
$3 
on 
4 
. 


iv CONTENTS. 


No. 3. May 28, 1902. 
Fatigue in non-medullated nerves. By T. Grecor Bropis, M.D., 
and W. D. Hatipurron, M.D., F.R.S. (Six Figures in Text.) 


Note on fetal muscle Laura Forster, M.D., 
L.R.O.P., L.R.C.8. 


On the formation of sal by the Liver. By F. A. oo 
M.B., M.R.C.P. (Two Figures in Text.) : 


On the local reactions of the arterial wall to changes of iabertin 
pre’sure. By W. M. Baytiss. (Eleven Figures in Text.) 


A method of estimating the oxygen and carbonic acid it small 
quantities of blood. By JoszpH Barorort, M.A., B.Sc., and J. 8. 
Hatpang, M.D., F.R.S. (Three Figures in Text.) . 


Intestinal absorption of solutions, By E, Reip 


No. 4. July 21, 1902. 


Metabolism on ordinary and forced diets in normal individuals. 
By Francis W. Goopspopy, M.D., M.R.C.P., D, Barpswe 1, 
M.D., M.R.C.P., and J. E, Cuapman, M.R.CS., 


Farther researches on antidromic nerve-impulses, W. M.z 
BAYLiss. (Twelve Figures in Text.) 


Taste and the fifth nerve. By Sir W. R. Gownns, M.D, F.RS. 


On the innervation of the urinary passages in the as " 
C. H. Facer, M.S. (Eight Figures in Text.) . 


The visual of the natives of Sarawak. 
MyErs 


Reticulin collagen. By M., 


No. 5. September 12, 1902. 
The mechanism of pancreatic secretion. By W. M. Bayuiss and 
E. H. Srartine. (Seventeen Figures in Text.) ‘ 
- The influence of oxygen upon the survival respiration of site 
By W. M. Fietcuer, M.A., M.B. (Three Figures in Text.) 
On the products of she’ proteolytic action of an enzyme con- 
_ tained in the cells of the spleen. By J. B. Leatues 


A further note on the pyramidal tract (Monakow’s bundle 
By E. H. Fraser, M.D. (Nine Figures in Text.) . 


PAGE 


. 181 


201 


220 


232 
241 


976 


325 
354 


360 


. 366 


¥ 
A 
2 
q 
is 
q 
x 
% 
a 
z 
300 
7 
Rg 
4 


CONTENTS. 


No. 6. December 15, 1902. 


The conditions of action of the eT secretion. By H. M. 
‘Vernon, M.A., M.D, 
The submaximal electrical response as nerve to a ion stimulus. 
By Francis Goton, D.Sc., M.A. F.R.S. in. 
Text.) 
On the pitch of By 8. ‘MD. 
A preliminary communication on the changes in nerve cells 
after poisoning with the venom of the Australian tiger-snake 
(Hoplocephalus curtus). By Bast M.8., M.D. ing 
Figures in Text.) d ‘ 
On saline diuresis, By ArTHur R. hanes M.A, M.D. 
Pancreatic zymogens and H. M. 
M.A., M.D. 
_ The relation of oxygen to the survival metabolism of muscle. 
By W. M. Frietcner, M.A., M.B. (Thirteen Figures in Text.) 
The nature of the lesions which hinder the development of 
nerve-cells and their processes. By H. K. Anpgrrson, M.D. 


On the effect exerted on the coagulability of the blood ” an 
admixture of lymph. By A. E. Wricut, M.D... 


PROCEEDINGS OF THE PHYSIOLOGICAL SOCIETY. 


January 18, 1902. 
E. H. Embley. 
of chloroform . : 
February 8, 1902. 


E. I. Spriggs. On a new method of observing peptic activity 


March 1, 1902. 
Thomas Lewis. On the structure and functions of the hemolymph organs . 


| March 22, 1902. 
J. Herbert Parsons. Arcus Senilis 


. 
a 
‘ 
3 
5 
7 
om 
4 
om 
“ig 
3 
431 
= 
448 
ia 
499 
514 
. 
>. 
» 
ii a 
ag 
. 


1g 
4 
§ 
2 
4 
| 


vi CONTENTS. 


May 10, 1902. 
Horace. Darwin and W. H. R. Rivers. 
illusion . 


Dr Fraser Harris. ‘nthe of tremor du to dying ofthe 
nerve 


J, Herbert following of the retina in 
J. N. Langley., On the ruffling of feathers in the bird. (Preliminary Note) 


_ JN. Langley. The thoracic vagus ganglion of the bird 


H. K. Anderson. Beton the pupil of exnion of the clay ganglion. 


July 5,.1902. 
F. S. Locke. A method ee and break- 
induction-shocks 


Swale Vincent and William Sheen, On the visedoliaieal cine of extracts 
of nervous, muscular and other animal tissues. (Preliminary 
Communication) .. 


Sutherland Simpson. Some seuivhioos on the ee of the monkey. : 


(Preliminary Note). . 
W. Ramsden. Some new properties as urea. -LPvlininons Note) 
A, Croft Hill. Synthetic action on glucose with pancreatic ferments . 


July 19, 1902. 


J. Burdon-Sanderson and F. Buchanan, 
of strychnine . 

B. Edgell. Timejudgment 

W. Legge Symes. Two graduated arc ‘ia. : 

A. D. Waller. Demonstration of a new method for rapidly siilehasiee the 
percentage of CHCl, vapour in mixtures of CHCl, and air 

Sutherland Simpson. Temperature range in the ee in ether ansethesia, 
(Preliminary Note). . + 


November 8, 1902. 
M. Fletcher. ‘Preliminary note onthe changes inthe cmotic propetis 
of muscle due to fatigue . 


A, D. Waller, A demonstration of the “ of the cryin 
lens . 


Nathaniel H. Alcock. The on nerve 


_ D. F. Harris. On periodic darkening in “ retinal rivalry.” 


PAGE 


xvii 


> 
al, 
Gal 
ae 
Xl 
ig 
5 
vey 
X1V 
q 
a 
N 
a 
xli 
‘ 


LIST OF AUTHORS. 


Anperson, H. K. Injury Changes in Nerve-Cells 

Bainsripgz, F. A. Lymph Formation . 

Barororr, J. and Hatpang, J. 8S. Gases of Blood 

N. D., Onapman, J. E. and Goopzopy, F. W. Metabolism 
and Diet . : 

Baytiss, W. M. of ‘Astectal Wall 

Bayutss, W. M. Antidromic Nerve-Impulses 

Bayuiss, W. M. and Sraruine, E. H. Pancreatic 

Bepparp, A. P. Ligature of Renal Arteries . 

Boyp, F. D. Medulla of Kidney 

Bropiz, T. G. and W. D. in 

Cuapmay, J. E., Goopropy, F. W. and N.D. Metabolism 
and Diet . ‘ 

Cusuny, A. R. Saline Diuresis ; 

‘Drxon, W. E. Nerves of Frog’s 

Facer, C. H. Innervation of Urinary ae 

Fiercner, W. M. Respiration of Muscle 

FietcHer, W. M. Oxygen and Muscle Hstsbolien 

Forster, L. Fetal Muscle Spindles ‘ 

Fow.er, J. 8., Paton, D. N. and G. L. Spleen and Blood 

Fraser, E. H. Tract 

A. and SHerrineron, C. Path in Cord 

Goopsopy, F. W., BARDSWELL, N. D. and J. E. Metabolism 
and Diet. ‘ 

Gorton, F. Electrical of 

Gorcn, F. Electrical Response of Nerve 

Gowers, Sir W. R. Taste and the Fifth Nerve. 

Gutianp, G. L., Fowxer, J. 8. and Paton, D. N. Spleen and Blood 

J. 8S. and J. of Blood. 

Hauiisurton, W. D. and Bropiz, T. G. Fatigue in Nerves . 

Hitt, L. Residual Vascular Pressures 

Kuyineton, B. Action of Venom on Nerve Cells 

Leatues, J. B. Enzyme of Spleen 

Levy, A. G. Fatigue of Central Nervous System 

Myers, C. 8S. Visual Acuity 

Myers, C. 8S. Hearing and Galton: Whistles ; 

Paton, D. N., — G. L. and Fowzer J. 8. Spleen and Blood 


7 
PAGE 
232 4 
| 3 
276 4 
325 
431 
474 q 
32 
395 4 
232 q 
181 
316 
a 


? 


Vili LIST OF AUTHORS. 


Patron, D. N. Oatmeal as Food for Dogs 
Rew, E. W. Intestinal Absorption 
Scort, J. Dextrose and Metabolism 


S. and A. Path in Spinal Cord 


Sizcrrizep, M. Reticulin and Collagen 


 Srartine, E. H. and W. M. 


Vernon, H. M. Pancreatic Diastase 

Vernon, H. M. Action of Diastases 
Vernon, H. M. Pancreatic Secretion. : 
Vernon, H. M. Pancreatic Zymogens . 
Wippicomse, J. H. Digestion of Cane Sugar 
Wricat, A. E,. Coagulation of Blood . 


Proceedings of the Physiological Society. 
Ancock, NatHantet H. Anesthetics on mammalian nerve 
Anperson, H. K. Ciliary ganglion and pupil . 
Bucwanan, F. and Burpon-Sanperson, J. Spasm of 
Burpon-SANDERSON, J. and BucHANAN, F. Spasm of strychnine 
Darwin, Horace and Rivers, W. H. R. — a visual illusion 
B. Time judgment 
Empey, E. H. Death by ‘ 
Fiercusr, W. M. ol in tatique 
Harris, D. Fraser. Rhythm of muscle tremor 
Harris, D. Fraser. Periodic darkening in “retinal rivalry * 
Hitt, A. Crort. Synthetic action of pancreatic ferments 
Laneuey, J. N. Ruffling of feathers . 
LanGouEy, J. N. Thoracic vagus ganglion of bird 
Lewis, THomas. Hemolymph organs 
Looxg, F. 8. dnd choca 


_ Parsons, J. Herpert. Arcus senilis . 


Parsons, J. Hersert. Degenerations setinal 
RamspEn, W. New properties of urea 


Rivers, W. H. R: and Darwin, Horace. & 


Seen, W. and Vincent, Action of tissue-extracts 
Smpson, SUTHERLAND. Temperature of monkey 
SUTHERLAND. Temperature in anesthesia . 
Spriaes, E. I. Estimation of peptic activity. 

Symes, W. Lecer. Rheochords .. 

Vincent, and SHeen, W. Action of 
Wautmr, A. D. Estimation of chloroform vapour — 
Water, A. D. “Bilaze-currents” of lens . 


i 
4 
é 
Bai: 
ty 
+ 
4 
ik 
ig 
‘fo 
“ 
de 
+ 
De 


A FURTHER RESEARCH INTO FATIGUE OF THE 

CENTRAL NERVOUS SYSTEM WHEN CAUSED 
BY ELECTRICAL STIMULATION’. By A. G. LEVY, 
M.D. (Lond.). (Hight Figures in Text.) 


(From the Laboratory of 
London.) 


Introduction. As an outcome of a former paper* published by me 
I have applied the methods therein described to the study of the 
fatigue induced by electrical stimulations of other points in the motor 
paths of the central nervous system, 1.e. those lying between the 

anatomical termini of the cortex and the muscular end-plates. I have 
- also made some further notes upon fatigue of the cerebral cortex. 

The apparatus and the conditions under which the experiments 
were performed were fully described in my former paper, and these 
descriptions apply equally to these subsequent experiments, so that 
only necessary variations in technique, such as the special dissections 
required, will now be touched upon. Only experiments in which faradic 
excitation was applied continuously (none intermittently) are dealt with 
in the present cases. The animal under observation was in every case 
a cat. The anwsthetics employed were ether during the preliminary 
dissections, and morphia acetate, subcutaneously injected, during the. 
series of electrical excitations. 

The tracings reproduced are, except that of Fig. 8, which is full 
size, reduced to half the size of the originals, They should be read 
from left to right. Unfortunately the notation of the strength of 
faradic current has not been uniform throughout, both Kroneckev’s 
graduations and the centimetre scale having been employed. 


I have again to express my indebtedness to Mr Victor eh for 
his kind advice and assistance in many peerete. 


\ Towards the expenses of this Research a grant was made by the British Medical 


Association. 


2 This Journal, xxv1. p. 210. 1901. 
PH. XXVIII. 1 
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A. G. LEVY. 


AN ADDITIONAL OBSERVATION UPON FATIGUE OF THE CEREBRAL 
MOTOR CORTEX. 


In my former paper I had occasion to remark that when, in the 
course of a cortical stimulation experiment, the muscle has become 
completely relaxed owing to supervention of cortex fatigue, a greatly 
increased stimulus immediately applied fails to induce more than a 
comparatively insignificant cortex reaction. Some further observations 
upon this point indicate that whilst this fact obtains when employing 
stimulations efficient to induce a maximum or nearly maximum cortex 
reaction, nevertheless a minor manifestation of cortical energy evoked 
by a mild stimulation leaves the cortex cells in a state capable of 
reacting fairly vigorously to a notable increase of the faradic excitation. 

The importance of this observation lies in the fact that it supports 
the view which I have adopted, that the inexcitability of the cortex 
following a maximum output of energy is due to fatigue of the centre 
and not to active inhibition. This observation is illustrated in the 
following figure. 


Fig. 1. 


A stimulation = 8'5 em., almost a minimal one, produces a muscular 
contraction of short duration (area of curve = 1‘1 sq.cm.). This is followed 
after an interval of about 3 seconds by a higher stimulation =7 em., 
which results in a further considerable contraction (area = 2°5 sq. cm.). 
After allowing a five minutes’ interval of rest to allow the cortex to 
recover, a moderate stimulation of 7°5 cm. evokes a curve of 5 sq. cm., 
but the further immediate application of a more powerful stimulation 


= 6cm. only the usual insignificant result. 
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FATIGUE OF CENTRAL NERVOUS SYSTEM. 3 


EXPERIMENTS UPON THE EFFERENT PATHS OF THE CEREBRUM. 


These records have reference principally to experiments performed 
upon a horizontal section of a cerebral hemisphere made in such fashion 
as to expose the corona radiata, or to expose the pyramidal tract at the 
point where the corona radiata merges into the internal capsule, the 
reaction from these two points, when excited by a faradic current, 
having been found to be practically identical. 

The brain was prepared for experiment by removing a portion of the 
motor cortex by a single horizontal sweep of a small scalpel, a guard 
of thin metal having been previously inserted into the longitudinal 
sulcus with the object of obviating injury to the opposite hemisphere. 
Hemorrhage from the cut surface was controlled by means of strips and 
plaques of amadou applied with the gentlest possible pressure. The 
exposed surface was kept continually warm by the approximation of 
pads of cotton-wool soaked in hot water, and was kept as free as possible 
from exudation of cerebro-spinal fluid throughout the experiment. 

It has been generally conceded that excitation of greater intensity 
must be applied to the corona radiata than to the cortex in order to 
obtain equally intense reactions, but owing apparently to the selective 
action of the morphine upon the cortex I have found this difference to 
be often abolished. : | 

As regards the region selected for exploration, only the circum- 
scribed area of maximum representation of the quadriceps femoris in the 
corona radiata was stimulated, but minor reactions may also be obtained 
from a more diffuse area, as in the case of the cortical representative 
centre. The graphic curves thus obtained will be referred to as “ corona 
curves, and as they bear considerable resemblance to cortex curves 
they will be described in a similar sequence of detail as in the case of 
the latter’. 

On certain characteristics of corona curves considered apart from 
those features which bear more directly wpon fatigue. A characteristic — 
feature of muscular contractions which result from stimulations of the 
corona radiata being a pure tonus’, it follows that curves thus produced 
do not present the irregular serrated outline indicative of clonus, which 
is apparent to'a greater or less extent in, the tracings of cortex curves. — 
(See Fig. 2.) | 


1 Levy, loc. cit. 
2 Franck and Pitres, Fonctions Motrices du Cerveau. Paris, 1887. 
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FATIGUE OF CENTRAL NERVOUS SYSTEM. 5 
‘Fig. 2, Note: Neither curve d nor ¢ has been carried quite to completion. — 


Cortex Corona 
Strength of stimulation 7 cm. 6 cm. 5 om. 
Height of contraction in mm. 29°5 19 atti 
Area of curve in sq. cm. 73 146 20°4 
| Fig. 3. 
Curve a b -¢ 
Cortex Corona. 
Strength of stimulation |  8em. 8 cm. 7°5 cm. 
Height of contraction in mm. 27 26°5 28°5 
of curve in sq. cm. 77 85°65 
| Fig. 5 
Curve a ae c d 
_ Strength of stimulation 9 cm. 8 cm. 7 om. 6°5 cm. 
Height of contraction in mm. 16 22 24 21°5 
Area of curve in cubic cm. 5°2 122 6°8 4°7 


The initial rise of the curve, when produced by a medium strength 
_ of stimulation, is liable to several modifications in form. More typically 
the rise takes place fairly abruptly up to the maximum height at which 
the contraction is sustained. On occasion, this height is momentarily 
surpassed, and thus results a peaked commencement of the curve (e.g. 
Fig. 2e). Another variant is that of progressive leaps or steps, whilst 
a weak stimulation is frequently characterised by a gradual regular rise 
up to the maximum of contraction. 

Irregularities are not confined to the early part of the discharge, 
for variations in its intensity may interrupt the usual symmetry of 
the curve in any of its periods, a well-marked instance of this being 
portrayed in the corona curves of Fig. 36 and c. 

The character of the fatigue observed on stimulating the corona 
radiata continuously with a faradic current. The fatigue of the group 
of nerve elements in which the fibres of the corona radiata may be 
taken to terminate, affords considerable contrast to that of the corre- 
lated group of cortex cells. The points of contrast are graphically 
illustrated in Figs. 2 and 3. 

In the performance of the experiments which these figures illustrate, 
the cortical area was first stimulated with a current of moderate 
strength, so that a well-developed cortex curve was obtained. The 
corona radiata was immediately after, and as rapidly as possible, 
prepared for experiment, and curves obtained whilst the phase of 
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6 A. G. LEVY. 


morphine narcosis was as far as possible unchanged. The stimulation 
applied to the corona radiata was either equal to that applied to 
the cortex, or somewhat stronger, it being-necessary for purposes of 
comparison that the intensity of the corona discharge should not exceed 
that of the cortex. ; 

From the consideration of these and a number of other curves it is 
amply evidenced that, compared with like conditions in the cortex, the 
corona discharge is the longer maintained at or about its maximum 
intensity ; in other words, commencing failure of discharge ( = onset of 
fatigue) is more delayed. Further, the progress of fatigue, as evidenced 
by the stage of progressive relaxation of the index muscle, is a far more 
gradual and prolonged process. | 

The corona curves thus possess a sufficiently characteristic outline. 
The actual duration of a corona curve, i.e. the period during which 
some degree of muscular contraction persists, frequently equals one of 
50 seconds, and occasionally exceeds this up to an observed maximum 
of 70 seconds (the greatest duration of a cat’s cortex curve which I have 
a record of being about 30 seconds). It is thus seen that the cortex fails 
in respect of discharging earlier than its correlated lower centre, and, 
_ this holding true in cases in which the cortical and coronal discharges 
are of approximately the same intensity, it follows that a larger total of — 
energy may be evoked from the lower centre than can be evoked from 
stimulation of the cortex. | 

The changes in the muscle curves produced by application to the corona 
of stumult of increasing strength. Under these circumstances the result- 
ing fatigue curves are found to bear relations to one another similar to 
those which obtain between cortex curves similarly produced’, «.e. the 
height of contraction and area of the curves increase with the increased 
strength of the stimulation (see Fig. 4, a, b, and c; Fig. 5, a and 5; 
Fig. 2, d and e; Fig. 3, 6 and c), and likewise, continued increase of the 
_ excitation tends to curtail the curves, by reason of the implication of an 
inhibitory factor. (Fig. 4d, compare with 6; and Fig. 5c and d, compare 
with b.) Under these latter circumstances this inhibitory factor may on 
occasion at first evidence itself merely by a curtailment of the duration 
of contraction, and not affect the height which may, exceptionally, be 
indeed increased, but further increments of strength of current ulti- 
mately affect the height of contraction also, (Fig. 5, c and d.) ‘ 

Eacitation of the motor tract in deeper sections of the brain. The 
deeper sections of the internal capsule are more sensitive to electrical 

1 Levy, loc. cit. 
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FATIGUE OF CENTRAL NERVOUS SYSTEM. 7 


stimulation than the higher, «.¢. a reaction being obtained from a weaker 
stimulus and the muscular contractions being more powerful and better 
sustained ; but the actual duration of the curve does not appear to be 
materially increased. Like remarks apply with special force to the 
curves obtained by stimulating the under surface of the crusta after 
section of the crus cerebri. 


Curve a b c d 
Strength of stimulation 
(Kronecker’s graduation) 1000 2000 800 8000 
Height of contractioninmm. 25 27 14 26 
Area of curve in cubic cm. 6°1 8°6 4°2 50 


Stimulation applied to the transverse section of the tract in the crus 
produces a contraction of insignificant duration only. 


EXPERIMENTS UPON THE MOTOR APPARATUS OF THE SPINAL CORD, 


_ The spinal cord was exposed and transversely divided in the upper 
dorsal region. For purposes of stimulation a second exposure of the 
spinal cord of convenient length was made in the mid- or lower dorsal 
_ region. To cite as an example an actual experiment, the section of the 
_ cord was made on a level with the 5th dorsal vertebra, and the point of 
stimulation was located on a level with the body of the 9th dorsal. The 
interval between this latter level and the point of origin of the anterior 
root of the 8rd lumbar nerve was subsequently measured, and found to 
be 9°5 centimetres. 

The anterior crural muscle and nerve were exposed, and the latter 
insulated in the usual fashion. The motor cells of the cord were 
stimulated by applying the electrodes as accurately as possible to the 
lateral column of the cord on the same side as the muscle concerned. 
The electric current for stimulating the cord was supplied by an 
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induction coil actuated by three bichromate cells, but on account of 
the extreme sensitiveness of the naked nerve-trunk the latter was 
stimulated by a separate coil with two cells only. 

It is naturally of importance to determine that under the experi- 
mental conditions above described no electrical changes spread along 
the surface of the cord to the anterior crural nerve roots, and thus 
amplify the muscular contraction which should be purely the result of 
the activity of the excited cornual cells. 

The precaution of stimulating at a sufficient distance above the origin 
of the crural nerve being observed, and the employment of powerful 
currents being avoided, careful testing showed that all source of confusion 
from such a cause could be avoided. The method of testing this point 
which I employed was to determine the strength of current which was 
efficient to produce a strong muscular contraction when applied to a 
lateral column, and then to apply the same stimulation to the neighbour- 
ing posterior column. . The surface diffusions of current from these two 
points must be practically identical, so that absence of contraction 
from stimulating the posterior column would be evidence that no 
electrical change influenced the nerve-trunk through the cause under 
consideration. 

For example, in one instance a stimulation = 13°5 cm. applied to the 
lateral column gave a contraction of 27 mm. in height, whilst the same 
stimulation applied to the anterior, posterior, and opposite lateral 
columns gave in no instance any result. Again, in another instance 
a stimulation of 12 cm. yielded exactly similar results. | 

Whilst the lateral column of the spinal cord is constantly more 
sensitive to faradic stimulation than motor tracts of the cerebrum (in 
that a muscular contraction generally results from a weaker stimulation) 
yet its excitability is far less than that of the naked nerve-trunk, as is 
concurrently illustrated in the experiment related below (Fig. 7.) 

General characters of the contractions produced by stimulating the 
lateral columns. The height of the muscular contraction evoked is 
governed by the strength of the exciting faradic current in a fashion 
similar to that which is found in the case of stimulation of other central 
nervous tissues. Thus for example, a weak stimulation = 13 cm. produces 
a contraction of 12°5mm., a stronger stimulus of 12 cm. increases the 
height to 19 mm., of 11 cm, to 24mm., and of 10°5cm. to 27 mm. 

The initial active contraction on commencement of a moderate 
stimulation is fairly rapid, and the prolonged application of the 
stimulation results for the most part in a simple featureless sustained 
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contraction. This is, however, not easy to delineate graphically on 
account of the personal difficulty of maintaining the electrodes in 
accurate apposition to the lateral columns for long periods, and also 
on account of the respiratory movements of the animal. Towards its 
_ termination the curve generally presents a somewhat irregular outline. 
(See Fig. 6.) 

Fatique phenomena resulting from continuous faradic stimulation of 
the spinal cord. The fatigue curves of the spinal cord resulting from a 
moderate stimulus far exceed in duration the typical curves obtained 
from the cortex or from any point of the cerebral motor tract above the 
pons. The failure of the cornual cells is represented by an exceedingly 
gradual and prolonged fall to the abscissa line. This very gradual 
progress of the fatigue process presents a strong contrast to the 
comparatively precipitate onset of complete fatigue of the cortex 
cells, the corona curves presenting in some ~~ an intermediate 

aspect in respect of this condition. 
: 

(1) Fig. 6. Stimulation 500 (Kronecker’s graduation). 

After attaining a height of 30 mm. the cord curve soon fell slightly 
to 28 mm., where it was maintained for a period of about 60 seconds, 
and then fell in gradual stages to 3°5 mm., at which point the stimulation 
was stopped after a total duration of 5 minutes. 


Fig. 6, Portions of tracing showing the characters of a cord fatigue curve. The 
whole curve is much too extensive to be reproduced in a single illustration. 


(2) Stimulation = 200 (Kronecker’s graduation). 

After a prolonged excitation of 10°5 minutes the muscle contraction 
was gradually reduced from 35 mm. in height to nil. 

It is conceivable that in the case of prolonged contractions such as 
the foregoing the fatigue might be principally or wholly indicative of 
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fatigue of the muscle, or to speak more accurately, according to Waller’, 
of the nerve end-plates. A series of comparative experiments were 
made with the view of elucidating the share that muscle fatigue takes 
in the production of these curves. Two points in connection with 
muscle fatigue have to be considered and dealt with in order to obtain — 
_ reliable results in such experiments. (1) Muscle when fatigued to a 

‘certain strength of stimulus is yet capable of readily responding to a — 
stronger, so that it is necessary to determine such stimuli to the cord 
and anterior crural nerve as, acting through their respective media, shall — 
be of equal potency, as ascertained by their producing muscular con- 
tractions of equal height; only the results of such stimuli can be 
reliably compared. (2) The rapidity with which faradised muscle 
(with circulation intact) partially recovers from the effects of fatigue, 
necessitates due expedition in the alternate applications of stimu- 
lations. | 

A description of such an experiment is detailed below. 


Fig. 7. Note: At (#) the electrodes slipped from the lateral column, resulting in the 
irregularities shown, At (a) the drum was stopped, the further progress of fatigue 
of the cord being indicated by the vertical line. 


Fig. 7. The morphia narcosis was quite light, 0-06cc. of a 
10°/, solution of morphia acetate having been injected subcutaneously. 
A stimulation = 20 cm. (2 cells in battery) applied to the anterior crural 
nerve evoked a contraction = 23 mm. in height. This was a practically 
minimal stimulation, for any of measurably. lower strength produced 
either no reaction, or one that was small and imperfectly sustained. 
A stronger stimulation=19cm. resulted in a contraction of 28 mm. 

A stimulation = 115m. (with 8 cells) applied to the cord evoked 


Brit. Med. Journal, 18865, 
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a contraction of 22°5mm., this being almost identical in measurement 
with that just described as resulting from a nerve stimulation of 20cm. 

This stimulation (11°5 cm.) was then applied continuously to the 
cord, which responded with an initial contraction of 21 mm., ultimately 
increasing to a maximum of 23mm. The cord was thus fatigued until 
it responded to the same excitation with the comparatively insignificant 
- contraction shown atc. The nerve was then immediately excited with 
a current of 19 cm., and a muscular contraction of 27 mm. was the result, 
whilst a further excitation of 20 mm. induced a reaction of 25 mm., 
which exceeds that of the earlier test stimulation of the same strength 
(23 mm.). A stimulation of 21 mm. produced no result as_ before. 
Other experiments of this nature demonstrated a noticeable but only 
partial muscular fatigue. It was thus concluded that fatigue of the 
cord falls short in point of time of the fatigue limit of muscle excited 
through its afferent nerve. 


In another experiment (Fig. 8) the conditions were reversed, the ‘itaite 
being first partially fatigued, and the immediately subsequent cord stimulation 


AV 4 
4) 


Fig. 


was found to have a less reaction on the muscle than nerve: stimulation, 
although the cord was itself unfatigued. This experiment shows that a 

discharge from nerve-cells has no more effect on il muscle than a 
faradic stimulation of its afferent nerve. Mosso’s' experiments with the 


1 Arch, Ital. de Biol. p. 128. 1890. - 
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ergograph would indicate otherwise, but he was probubly dealing with a 
muscle not thoroughly fatigued. His motor nerve was stimulated through 
the skin, and was of such a strength as not to be painful, so that quite 
possibly his voluntary effort was really the more powerful excitation of the 
two. 


The fatigue curves of the cord are of such long duration, and being 
liable to the complication of a muscular fatigue element, it is obviously _ 
difficult to obtain a mensural comparison of curves resulting from different 
degrees of excitation. However, the motor centres of the cord possess 
such a large store of energy that one is enabled to demonstrate by other 
methods that the cord is fatigued only in relation to the particular 
strength of stimulation employed. Thus a minimal stimulation applied 
will frequently evoke a contraction having no longer a duration than 
some 30 seconds or thereabouts ; but on the expiration of the curve, a 
slightly increased stimulation results in the production of vigorous 
curves of prolonged duration. Again, when the cord has become 
partially or wholly fatigued as the result of a moderately powerful 
excitation, an increase of the strength of the latter is immediately 
evidenced in the production of an additional muscular contraction. 
The following experimental results serve to illustrate this: 

(1) The muscular contractions having fallen from 35 mm. to 14 mm. 


as the result of a continuous excitation of 200, augmenting the current 


to 300 resulted in the immediate increase of the contraction to 34 mm. 

(2) The curve line having fallen to a height of 85 mm. as the result 
of a continued stimulation of 200, it recovered a height of 27 mm. on 
increasing the current to 300. | 

The spinal cord does not recover its full excitability with that 
rapidity which is characteristic of the cortex and corona radiata. 
Although there is very early evidence of partial recovery after fatigue, 
complete recovery is very gradual. Naturally the partial exhaustion 
of the muscle must be remembered in considering the retardation of 


the process. 


- GENERAL CONCLUSIONS. 


Consideration of the large amount of motor nervous energy which 
can be elicited by stimulating a lateral column of the spinal cord, directs 
attention to the comparatively small amount of that obtained from the 
cerebral cortex and cerebral motor tract, and hence it may be inferred 
that only a minor proportion of nerve-cells in the anterior cornual 
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centre are in direct association with the motor-cells of the correlated 
cortical centre. It follows that the lateral columns of the cord must be — 
considerably reinforced with motor fibres from elsewhere. 

Comparison of the results of cortex and corona radiata excitation 
indicates that the fatigue limit of the associated cornual group is greater — 
than that of the cortical, but the difference is not always very great, and 
cornual fatigue may possibly in some cases exaggerate the fatigue of the 
cortex. 

There is a consistency of evidence in the case of the motor nerve- 
cell tissues examined that, when either stimulated directly or indirectly 
through their afferent nerve-fibres, fatigue of these tissues is relative to 
the strength of the excitation producing such fatigue, and that fatigue 
does not necessarily imply exhaustion. The fatigue of nerve-centres is 
in fact probably comparable to the fatigue of muscle tissue. A motor 
nerve-centre is more readily “ fatigued ” to a mild stimulation than to a 
more powerful one, the contrast in the amount of energy discharged in 
the two cases being especially noticeable, The centre would only appear 
to be efficiently exhausted as a result of a maximal excitation acting 
contin uously without interference. : 
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PATH OF IMPULSES FOR INHIBITION UNDER 
DECEREBRATE RIGIDITY. By A. FROHLICH, MD., 
Assistant in Experimental Pathology, University of Vienna, AND 
C. 8S. SHERRINGTON, MA. M.D. F.RS. (Two Figures 


(From the Physiological Laboratory, University College, Liverpool.) 


THE condition of muscular rigidity consequent upon decerebration, 
described by one of us previously in this Journal’ forms as was then 
shown an excellent field for the examination of some phenomena of 
inhibition. We have in the present work attempted to trace the path 
of nervous conduction involved in some of the inhibitions that can be 
evoked under “decerebrate rigidity.” | 
MeTHoD. Our observations have been chiefly upon the cat, also 
on the dog and the Macaque monkey. The preliminary operation and 
the decerebration were always carried out under complete anzsthesia— 
deep chloroform and ether narcosis. Severe loss of blood was guarded 
against by thread loops placed round the carotids controlling those 
arteries if necessary. The cerebrum was removed completely, and 
_ with it was taken the whole nervous axis in front of a transection 
_ midway down the anterior corpora quadrigemina. Artificial respiration 
was only occasionally found necessary, and then for no long time. The 
animal was after decerebration freely slung with its vertebral axis 
horizontal: its temperature was maintained by careful adjustment of 
hot water tins, After decerebration the administration of chloroform - 
was discontinued. 


I. Inhibition by electric excitation of the spinal cord. 


Method. A portion of the hinder thoracic or of the lumbo-sacral 
region of the cord was exposed in the vertebral canal. The spinal roots 
of the exposed portion were severed outside the dura mater: this was 


1 Vol. xxm. p. 319. 1898. 
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done to avoid local reflexes. The dural sheath was then opened freely 
and the cord transected cleanly with a very sharp knife. The previous 
severance of the adjacent 2 or 3 pairs of nerve-roots next above 
allowed the free end of the cord to be lifted up from the canal with 
its cut face tilted upward free from fluid and surrounding tissues and 
bare to the experimenter. It was lightly fixed in that. position. For 
stimulation we employed the unipolar method with an electrode similar 
to that devised by one of us for localisation experiments onthe cortex 
cerebri. 

This electrode, Fig. 2, consists essentially of a fine platinum wire 
soldered to a piece of thin German silver wire, which latter is coiled 
spirally into a delicate spring before joining ordinary copper wire 
sheathed for insulation. The free end of the piece of platinum wire is 
fused to a minute bead. The tip of the electrode can be kept held 
steadily against a point of the cut surface of the cord without risk of its 
either slipping as the animal moves under respiration, or of its piercing 
the nervous tissue of the cord. It is advantageous to have an ebonite 
projection from the handle of the electrode run up within the spiral 
spring, keeping the spring from moving laterally. The tip of the 
electrode is easily sterilised in flame. The handle of the electrode is 
hollow and the ordinary wire is threaded through it to a binding screw 
at the bottom. 

A large copper plate strapped to the shaved thigh over a pad 
wetted with strong solution of sodium chloride served as the other 
electrode. Induced currents from an inductorium of Prof. Kronecker’s 
pattern were used for excitation. The currents employed were very 
feeble, since we desired to restrict and localise the application of the 
stimulus as far as possible. The currents were usually just percep- 
tible to the tongue tip. To judge by the resultant movements, &e. 
we obtained considerably more minute localisation than in experi- 
ments in which for purpose of control we resorted to the oranery 
double-point electrodes. 

The spinal operation was carried eee to completion before 
decerebration. The spinal transection practised after the decerebration 
at once annulled the decerebrate rigidity in parts innervated behind 
the transection. The muscular regions headward of that level 
remained rigid, e.g. forelimbs and neck extended, jaw clenched. 

Observations. * With the small pointed electrode the cut face of the 
upper piece of the transected cord was explored for effects upon the 
musculature of the forelimbs, neck and head. The application of the 
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electrode to the grey matter never produced obvious effects: neither 
did usually its application to the region of the pyramidal tract, to most 
of the area of the ventral white column, nor to the marginal area of the 
cord near the region of exit of the ventral root bundles. From the 
region of the direct cerebellar tract effects were frequently seen, usually 
an increase in.the rigidity of the homonymous forelimb. From the 
dorsal column effects were usually obtained, generally increase of 
rigidity of-the homonymous forelimb, with sometimes an increase of 
that of the crossed forelimb also, but slighter. 


From a small area, shown in the accompanying figure (Fig, 1), was 
obtained an effect much more constant and regular than any of the above. 
There the application of the electrode evoked marked inhibition of the 
rigidity of the homonymous forelimb, often accompanied by a slighter 
inhibition on the crossed side. Sometimes the inhibition of the crossed 
forelimb seemed as marked as that of the homonymous. Inhibition of 
the crossed forelimb without inhibition of the homonymous was never 
met with. In the inhibition the triceps muscle was felt to relax. 
‘Not unfrequently the relaxation of the extensors of the elbow was 
accompanied or followed by contraction of the flexors, and this by 
retraction of the upper arm; also by bending of the neck toward the 
side of the flexed forelimb and rotation of the head so as to lower the 
ear of the homonymous side. ; 
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The situation of the little area yielding this result is figured as met 
at the 10th thoracic level in the cat. In the lower lumbar levels it lay 
somewhat more ventral in the spinal cross section. All the species 
examined by us exhibited the same inhibitory spot, and the same 
resulting inhibition and related movement. The levels of cord at 
which we have found the inhibitory spot have extended from the 
6th lumbar forward to the 5th thoracic. 

The following may serve as a type of such observations. 


8. vii. 01. Cat: chloroform and ether narcosis. Ligatures looped round 
carotids. Spinal cord exposed. Decerebration. Rigidity of right forelimb, 
less marked than of left. Cord transected between 5th and 6th oe 
nerve-roots. 


Excitation. Left side: increase of rigidity of left forelimb from the 


dorsal column. From ventral column, some inhibition of forelimb. From 
ventro-lateral —— of ventral horn, weak inhibition of — 
forelimb. 


Right side: increase of rigidity of right forelimb from dorsal column. 
_ From most parts of ventro-lateral column no effect, except on stimulation 
of the ventro-lateral neighbourhood of ventral horn, from that spot marked 
inhibition of right forelimb. 


Cord transected midway between 4th and 5th lumbar roots; veveli i 
excitation as before. 


Cord transected midway between 3rd and 4th lumbar roots; result of 
excitation as before except that inhibition from ventro-lateral neighbourhood 
of ventral horn is now well marked. 


In two experiments we found that section of the two last thoracic 
and of the first lumbar root proximal to their ganglia fourteen days 
prior to the excitation of the transverse area of the cord did not render 
the inhibitory effect of the stimulation of the inhibitory spot of the 
cord unequal on the two sides. In a third experiment the inhibitory 
spot right and left was stimulated at the 12th thoracic level twelve 
days after complete spinal transection at the 3rd lumbar level; the 
inhibition effect was still obtained but was not so marked as usual: 
it was not obtained at all in this experiment at the level of the 
2nd lumbar segment. 

II, We next enquired into the effect upon the rigidity of the 
forelimb of excitation of separate peripheral nerve-trunks in the hind- 
limb. The effects from the different trunks were not all similar. 
Excitation of the central end of n. cutan. femor. internus lessened the 
rigidity of the homonymous forelimb and increased that of the opposite 

PH. XXVIII, 2 
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forelimb. Excitation of the central end of the plantar nerve on the 
contrary reinforced the rigidity of the homonymous forelimb and 
decreased that of the crossed forelimb. 

Experiment. 

18. vi. 01. Cat. Carotids guarded by ligatures. Tracheotomy. Dece- 
rebration. Three nerves in right hindlimb prepared. Decerebrate rigidity 
well developed and about equally in both forelimbs. Nerves ligated and 
severed. i. Right ». cutan. fem. imtern., excitation causes complete 
inhibition of rigidity of right forelimb, with increase of rigidity of left. 
Head turned to opposite side, 

ii, Right n. tibial. postic. near ankle, 
inhibition of rigidity of crossed forelimb, with increased rigidity of homony- 
mous. Head turned to same side. 

iii. Hamstring nerve; excitation causes lama rigidity of crossed 
forelimb usually but not always. 


Our experiments have been on this point definite as far as they go, 

but are not sufficiently numerous to establish rules of relationship. 

III. Applications of stimuli more nearly resembling those of natural 
life than do those applied to spinal roots and of the larger nerve-trunks 
of the limb are the stimulations of circumscript areas of skin surface. 
We found that application to the shaved skin of a pledget of cotton- 
wool soaked with hot water excited effects varying to some extent with 
the locus of application of the stimulus. When applied to the postero 
external aspect of the thigh not far below the tuber ischit extension 
was evoked at hip and knee, without obvious effect upon the extensor 
rigidity of the forelimb. Similar stimulation of the skin of the top of 
the front of the thigh evoked extension at hip, and with it an increased 
rigidity of the homonymous forelimb and turning of the head to the 
opposite side. The pledget applied to the skin over the gluteal muscles 
evoked flexion at hip. Applied to the hind paw it always inhibited 
the extensor rigidity of the limb itself and increased that of the fellow 
hindlimb: hot water applied directly to hind paw excited the same 
effect, and usually affected the rigidity of the forelimbs by increasing 
that of the homonymous and decreasing that of the crossed forelimb— 
but occasionally this effect was reversed. Stimulation of the tail often 
caused inhibition of the rigidity of both forelimbs. 

IV. The fact that while excitation of the hind paw or of the 
plantar nerve caused inhibition of the extensor rigidity of the crossed 
forelimb, on the other hand stimulation of the cross section of the 
lateral spinal column in the lumbar region inhibits the homonymous 
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forelimb, suggests that the path of conduction involved for the inhibi- 
tion of the forelimb from the hind foot may cross soon after its entry 
into the cord. With this suggestion in mind we examined the effect 
of transection of the right lateral half of the cord at the first lumbar 
segment upon the inhibitory influence of the left hind paw upon the 
extensors of the right elbow. Although in one experiment this 
inhibitory influence failed completely after the semisection, in another 


experiment it was not extinguished although decidedly diminished. 


CONCLUSIONS. 


1, Inhibitory effects under decerebrate rigidity are evoked by 
electric: stimulation of a small fairly-limited area of the cross section of 
the cord (vide Fig. 1). These effects, studied mainly i in relaxation of 
the triceps muscle, are combined with pressor effects in other muscles, 
The effect is more marked on the side homonymous with that of 
stimulation, 

_ 2. Electric stimulation of the central end of certain peripheral 
nerves in the hindlimb yields the same relaxation of the M. triceps. 


- ‘Stimulation of the n. cutan. femor. intern. was followed by relaxation 


of the triceps on the homonymous side, Similar stimulation of central 
end of the plantar nerve was followed by relaxation of the M. triceps 
of the crossed side. On the whole the predominant effect from the 
hindlimb seemed to be relnketion of the triceps of the crossed 
forelimb. 

3. The path of inhibition in ventro-lateral white column may be 
connected with the afferent nerves from the crossed hind foot. 
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SOME EFFECTS OF THE LIGATURE OF THE RENAL 
ARTERIES IN THE FROG. By A. P. BEDDARD, M.A, MD. 


(From the Physiological Laboratory at Guy's Hospital.) 


THE view of Bowman and of Heidenhain that the convoluted tubes 
of the kidney are secretory in function received its most direct support 
from the well-known experiments of Nussbaum’. 

The validity of Nussbaum’s work was however questioned by 
Adami*. He came to the conclusion that ligature of the renal arteries 
in the frog does not more than momentarily stop the blood stream 
through the glomeruli; but that rapidly the flow of blood through them 
is restored by dilatation of communicating vessels in the kidney between 
the renal portal capillaries round the tubules and the afferent vessels 
of the glomeruli. He came to this conclusion partly because he was 
able to inject many glomeruli after ligature of the renal arteries and 
partly because Nussbaum himself figures a small collateral vessel in — 
the newt passing from the vas afferens of the glomerulus to the capillary 
network. 

But the question was not settled by these observations, for 
Nussbaum’, taking up the anatomical points raised by Adami, states 
firstly, that in the frog it is impossible to inject the glomeruli from the 
renal portal vein: and secondly that Adami’s method of ligature does 
not completely cut off the whole of the arterial blood-supply, since the 
aorta sends off below the kidneys small branches to the generative 
organs, and the arterial system of the generative organs anastomoses 
with that of the kidney peripherally to the region ligatured by Adami. 

As the question at issue is of importance, I have at Prof. Starling’s 
suggestion repeated Nussbaum’s experiments, in order to try to decide 
in the first place the purely anatomical point as to whether after 
complete ligature of the renal arteries the glomeruli are or are not cut 


out of the circulation. ‘ 
1 Phliiger’s Archiv, xvu. p. 580. 1878. * This Journal, v1. p. 382, 1885. 


Anat. Anzeig. 1886. 
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LIGATURE OF RENAL ARTERIES. 21 
Method. The experiments were carried out chiefly upon the largest 


specimens of Rana temporaria obtainable in England. In all cases the 


frogs were anzsthetised with a. c. E. mixture during the operation. 
The method of ligature used was that recommended by Nussbaum, 
which briefly consists in opening the frog ventrally, tying the anterior 
abdominal vein in two places and dividing it, cutting through the 
peritoneum on the left side, turning the left kidney over towards the 
middle line and so gaining access to the dorsal aorta and renal arteries. 
All arteries given off from the aorta between the cceliaco-mesenteric and 
division of the iliac arteries were divided. The only differences from 
Nussbaum’s method were that all blood vessels were burned through 
with an electric cautery instead of being ligatured, and that in some 
cases the testes and fat bodies on one or both sides were burned off, as 


_a@ further precaution. In almost all cases males were used in preference — 


to females because their less bulky generative organs are more easily 
removed completely and are less in the way at the operation. 

At the end of the operation the bladder was emptied with a — 
catheter and a suture with two small pieces of india-rubber tubing on 
it passed through the skin round the anus, so that when it was tied the 


anus was completely closed between the two pieces of tubing. The 


frog was placed in a large jar containing water. Every day the anus 
was untied and a catheter passed to ascertain if any urine had been 
secreted and was then tied up again. The presence of urea in the fluid 
from the bladder was tested by its effervescing with a drop of hypo- 
bromite solution, and this was controlled by the production of nitrate of 
urea crystals. | 

_ After waiting from four days to a week the head was pithed with a 
wooden match, a cannula was tied into the aorta at the heart and the 
whole vascular system was thoroughly washed out with normal salt 
solution at the temperature of the room—about 30° C.—and under a 
pressure of 40 mm. of mercury. Then it was injected with either a 
saturated solution of soluble Berlin blue or a gelatine mass of the same 
under the same pressure as before, which was maintained for from 10 
minutes to half-an-hour to ensure thorough injection. The whole frog 
was placed in absolute alcohol for a few hours, then the kidneys and 
any blood vessels attached to them were cut out together, hardened in 
absolute alcohol, embedded in paraffin and serial sections of the whole 
cut. Of each pair of kidneys between five hundred and a thousand 
sections were mounted and examined. 
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Tigature of all the arteries to the kidneys. 

-Adami from experiments carried out by his method of ligature and 
injection found that in no case was the circulation through the 
glomeruli completely cut off by ligature of the renal arteries. The 
number of glomeruli in which the injection mass was found varied, and 
he states that “after ligature and, when the injection was most complete, — 
as a rule not more than fifty per cent. of the glomeruli contained 
pigment, and not unfrequently the glomerular injection was confined to 
the mid portion of the kidney.” 

It must be mentioned too that Adami did not find in “ control 
experiments in the normal animal that all the glomeruli could be 
injected by his method, in fact he states that “injection of a normal 
unligatured frog...does not produce an injection of by any means all the 
glomeruli. The injection may be as tnconiplete as in the case of the 
ligatured frog.” 

It was necessary in the first place to make certain that the method 
of injection used in these experiments could be trusted. In two control 
experiments on formal frogs it was found that fully 95 p.c. of all the 
glomeruli were well injected in every section, and of the remaining 
glomeruli it was rare to find one with no injection in any part of it, 
when followed through a series of sections. } 

_ Frogs were then ligatured in the way described above and 
subsequently injected from the aorta. Eleven frogs were so treated. 

In three not a single glomerulus was found injected, although the 
vessels of the other parts of the kidneys were well injected. . 

In eight there were some injected glomeruli, varying in number and 
position. The situation of the injected glomeruli may be in any part 
of the kidney, and they were not found more frequently in the mid 
portion than elsewhere. Whenever glomeruli were injected, the artery 
to that or a neighbouring part of the kidney was seen in the sections 
also to be injécted. A single minute artery if unligatured seems to be 
able to keep up a circulation through some of the glomeruli of a 
considerable length of kidney, but the farther the section is from the 
injected artery the fewer injected glomeruli it will contain. 

It would seem then that after complete ligature of all the arteries 
supplying the kidneys, the circulation through the glomeruli is 
completely cut off, and no collateral circulation has been nes at 
the end of five or more days. 


The difficulty of ligaturing all the arteries to both kidneys is 
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considerable, and after having operated on more than fifty frogs I have 
never been able to feel certain at the end of the operation that the 
ligature would prove to be more than moderately complete. 

The difference between these results, which agree with those of 
Nussbaum, and those of Adami needs explanation, and it is to be — 
found in Adami’s method of ligature. He cut through the body wall 
dorsally, “raising then the vertebral column and depressing the iliac 
bones, the renal arteries running between the aorta and the kidneys 
could be well determined, and all vessels and nerves between the 
ceeliaco-mesenteric artery and the bifurcation of the iliac arteries were 
burned through and divided.” This method of ligature was planned on 
the assumption that the four or five renal arteries from the aorta to 
either kidney constitute its only arterial blood supply; but this is 
not so. 

_ In the angle between the aorta and the cceliaco-mesenteric artery a 
variable number of fine arteries arise and reach the ventral surface of 
the kidneys, and further as the cceliaco-mesenteric artery passes along 
the upper ends of the kidneys it may give off fine arteries to them and 
the fat bodies. In order to get rid of these arteries to the kidneys it 
was found necessary to burn through the peritoneum along the top of 
the left: kidney and expose the coeliaco-mesenteric artery along its 
whole course and also the angle it makes with the aorta. 

’ Ligaturing frogs by Adami’s method gave much the same results as 
those he obtained, and in each of the three frogs operated on and 
injected from the aorta, sections showed that far more than 50 per cent. 
of the glomeruli in the upper half or third of the kidneys could be 
injected from the arteries. It may be pointed out that it was found 
quite unnecessary to wait several days after ligature and before injecting 
to obtain these results, in each case the injection from the aorta followed 
directly after the ligature. Adami’s power to inject large numbers of 
glomeruli after his ligature of the renal arteries could be satisfactorily 
explained by untied arteries to the kidneys, without invoking a collateral 
circulation through the glomeruli from the reno-portal system. This 
point will be dealt with in the next section. 

It may be noticed that when sections of the kidneys of ligatured 
frogs are examined, glomeruli which are not injected with the blue are 
not empty but their capillaries are filled with blood: even though the 
whole reno-portal system within and without the kidney is well washed _ 
out and injected. In other words, when the arterial blood supply of a 
_ glomerulus is suddenly cut off it becomes filled with blood, which 
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ultimately coagulates and renders further circulation through the 
glomerulus impossible. Probably it is this infarction of the glomeruli 


which causes the hematuria which I have observed several times 


(cf. Exps. VIL VIII. IX.) after a ligature which has not been sufficiently 
complete to prevent a secretion of urine either spontaneous or following 
injections of urea. 

It would be possible therefore to explain the cutting off of the 
glomeruli from the circulation after ligature either by their infarction 


before the collateral circulation through them had been established, or 


by the absence of a pervious collateral vessel between the reno-portal 
capillaries and the afferent vessel of the glomerulus. Infarction is 
almost invariable after ligature, but I hope to show in the following 
section that the second explanation is probably also true. 


Injection of the renal-portal system after ligature of the renal artertes. 
In the preceding section we have seen reason to believe that when 
after attempted ligature of the renal arteries any glomeruli can be 
injected from the aorta, it is due to the ligature being incomplete. 
If the view adopted by Adami that there is in such. cases a rapid 
collateral circulation from the renal-portal venous system were true, 


it would follow that injection by way of the renal-portal vein would 


cause glomeruli to be injected. It has been already mentioned that 
Nussbaum has denied the possibility of this. 

' In experiments on this point two methods have been tried. The 
first method adopted was to open a frog ventrally, tying and dividing 
the anterior abdominal vein, to burn through the left renal arteries and 
leave the frog for an hour. The renal veins were then ligatured on the 
left side close to the inferior vena cava and the veins half cut across on 
the kidney side of the ligatures. A cannula was tied into the inferior 
vena cava and salt solution containing | p.c. urea was injected downwards 
through the right kidney for half-an-hour at a pressure of 20 mm. of 
mercury and at a temperature of 20°C. The salt solution was prevented 
from passing down the legs by ligatures tied tightly round them and 
could only pass up the left reno-portal vein and through the left kidney. 
Finally Berlin blue solution was injected at a pressure of 30 mm. of 
mercury, a clamp was placed on the left renal veins to close them and 


_ the pressure kept up for 10 minutes. 


In three such experiments not one glomerulus was injected in either 
kidney. 
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As a method of thoroughly injecting the left kidney from the renal 
portal vein, it was unsatisfactory, but the right kidney was always well 
injected, and it seems to show that it is no more possible to inject 

a glomerulus backwards from the renal vein in a frog than in a 

The second method was to tie a cannula into both the upper and 
lower ends of the divided anterior abdominal vein, having previously 
ligatured all the renal arteries. Through the upper cannula salt solution 
containing 1 per cent. of urea was injected at a temperature of 20°C. 
and at a low pressure, so as to thoroughly wash out the whole vascular 
system for an hour without over-distending and stopping the heart. 
Ligatures were then tied round the legs and another placed under the 
inferior vena cava, which was opened. Berlin blue solution was injected 
through the lower cannula, and when the injection was flowing freely 
_ from the inferior vena cava it was closed and a pressure of 30 mm. of 
mercury kept up for 10 minutes. As a precaution even though the 
renal arteries had been ligatured, the aortal were tied at the heart to 
prevent any escape of injection into the arterial system. 

In three such experiments not a single glomerulus was injected, but 
they were found filled with blood. It seems fair to conclude from this 
that a collateral circulation between the renal-portal system and the 
glomeruli is not set up directly after the ligature of the renal arteries. 

Adami on the other hand was driven to exactly the opposite 
conclusion. For in one case he injected directly after ligature instead 
of waiting one or more days and still found that “in more than half of 
the glomeruli pigment was present,” and could only suppose that the 
full collateral circulation could be set up directly after ligature. But 
since there is reason to believe this is not the case, his result must have 
been due to unligatured renal arteries. 

We have still to discuss the point whether when glomeruli are 
injected after ligature the circulation through them might not be due 
to a collateral venous supply gradually set up in the course of one or 
more days. Unfortunately a ventral method of ligature renders it 
impossible to inject satisfactorily the renal-portal veins several days 
after ligaturing the renal arteries, because of thrombosis in the anterior 
abdominal vein. But that a collateral venous circulation is not set up 
through the glomeruli is made certain by the following considerations. 
By ligature of the renal arteries it is possible to cut all the glomeruli 
permanently out of the circulation: injection of the kidneys by way of 
the renal-portal veins after ligature fails to show any evidence of a 
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collateral branch which could be rapidly opened up, and unless it could 
be rapidly opened up it would be useless for keeping the pena in 
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The secretion of urine after ligature of the renal arteries. | 


(i) Spontaneous secretion. My experiments confirm the conclusions 
of Nussbaum and Adami that after ligature of the renal arteries there 
is generally no spontaneous secretion of urine. 

Of twenty-eight*frogs whose renal arteries were ligatured and in 
which a secretion of urine was carefully looked for, in twenty-one no 
- spontaneous secretion took place during a period of two or more days 
after operation. In three frogs the observation extended over six days, 
in one over five days, in three over four days, in eight over three days, 
and in six over two days. 

Of these twenty-one. frogs, nine were washed out and injected from 
the aorta; in three no glomeruli were found injected, and in the other 

six the number injected was small (Exps. III.—XI.). : 

Of the seven frogs which secreted urine spontaneously, four passed 
several drops daily for six days, and another a few drops for five days. 
In only two were the quantities measurable in c.c. and in any way 
comparable with the quantities passed by a normal unligatured frog. 

In Exp. XIII, 10 cc. were secreted between the second and fourth — 
days after ligature and lc.c. on the fifth day: another frog secreted 
8c.c. on the second day and a few drops on two succeeding days. 

Of these seven frogs only two were washed out and injected: in 
Exp. XIII. the main artery to the lower end of both kidneys had been 
left unligatured and consequently very nearly every glomerulus in the 
lower half of each kidney was injected. In Exp. XIL, in which a few 
drops of urine had been secreted for six days, it was found that nearly 
every glomerulus at the two ends of the kidneys was injected. 

The presence or absence of a spontaneous secretion of urine and its 
amount varies according to the number of glomeruli found subsequently 
by injection to be still in the circulation. But although some glomeruli 
may be still in the circulation, provided their number is small, there 
will be no spontaneous secretion of urine. It is impossible to say 
exactly what is the minimal number of glomeruli necessary for a 
minimal secretion, but probably if more than three-quarters of all the 
glomeruli are rendered functionless, no secretion of urine or eset 
none will take place. 


q 
4 
| 
4 
a & 


LIGATURE OF RENAL ARTERIES. 27 


In those frogs which did secrete spontaneously no evidence was 
found that as time went on the secretion increased in quantity as if the 
secretion depended upon the setting up of a collateral circulation which 
_ gradually improved; but rather the reverse. 

Further, if the setting up of a collateral venous circulation shanna 
the glomeruli did follow ligature and if the pressure of this venous 
blood were sufficient to produce a secretion of urine, as Adami supposes, 
then a spontaneous secretion after ligature ought to be the rule and not 
the exception. 

(ii) Secretion after injections of urea. Only such frogs were used 
as, after ligature of the renal arteries and tying up of the anus two or 
more days oe had either assess no urine spontaneously or at 
most a drop. 

On two successive days 1 c.c. of a 10°/, solution of urea in normal 
salt, solution was injected into the dorsal lymph sac, the anus was kept 
tied up and each day after an injection a catheter was passed and a 
secretion of urine looked for. On the third day of the experiment the 
frog was either washed out and injected from the aorta with Berlin blue 
or injected with indigo carmine. 

Of eighteen frogs injected with urea in this way, in nine the 
injections were begun after waiting two days since ligature, in four 
after three days, and in five after four days. 

In fifteen, the injections of urea produced no secretion of urine 
whatever. Seven of these frogs were washed out and injected from the 
aorta, in two of them no glomeruli were found injected (Exps. IV. and 
V.) and in the other five only a few (Exps. VI.—X.). 

Of the three in which injections of urea produced a secretion of 
urine, one’ was injected two days after ligature, the first injection of 
urea caused no secretion of urine and the second a secretion of eight 
drops of bloody urine. In the second frog injection was begun three 
days after ligature, the first injection caused three drops of urine to be 
secreted and the second five drops. In the third frog four days after 
ligature one injection produced a secretion of 2 cc. of urine, and when 
washed out and injected from the aorta (Exp. XI.) it was found that 
many glomeruli in the lower part of the left kidney especially were 
injected. 

It thus seems that a ligature suficiently complete to prevent a 
spontaneous secretion will also generally prevent a secretion of urine 
after injections of urea at the end of two or more days, but that it is 
possible to have such a number of glomeruli left in circulation that, 
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injections of urea are able to produce a secretion although none bad 
taken place spontaneously. 

There is another factor however which has to be considered here, 
and which also varies directly as the number of glomeruli left in 
circulation after ligature, and that is the condition of the renal 
epithelium. In every case in which ligature had been sufficiently 
complete to prevent a spontaneous secretion a marked change was 
observed in the renal epithelium, which consists essentially in its 
degeneration and desquamation. It is well marked four days after 
ligature, and it is impossible to imagine that _—o in this 
condition is capable of much functional activity. 

As to the cause of this epithelial change it can not be due to 
backward pressure of urine caused by the tying up of the anus, since 
it is most marked in frogs which have never secreted after ligature. 
Nor can it be due to interference with the reno-portal circulation 
because injection shows this to be patent. The most likely explanation 
seems to be that it is due to cutting off of arterial blood to the organ. 
Similar changes have been described in the liver by Cohnheim and 
others after ligature of the hepatic artery. That this is the true 
explanation in the case of the frog’s kidney is, I think, shown by the. 
fact that in the same ligatured kidney the epithelial change may be 
slight or absent in any part where a large number of glomeruli are still 
left in the circulation. 

In face of this epithelial change occurring in successfully ligatured 
frogs, the date of the injections of urea might have an mnportant 
influence on their effect. 

Nussbaum merely stated that injections of urea after ligature 
produce a secretion of urine, but whether he injected the urea directly 
after the ligature or after what interval he does not state. 

Adami injected two frogs directly after ligature and the other four 
at the end of one or two days, he obtained a secretion of urine in all of 
them, lasting in two cases for as long as seven and eleven days after — 
ligature. As he did not tie up the anus in any of these experiments it 
is impossible to be certain that the frogs were not secreting urine 
spontaneously before the injections of urea. It is also- possible that 
they secreted larger quantities than he found, although in most cases it 
amounted to several c.c. a day, in fact qusckaen comparable with those 
from a normal frog. 

Unfortunately only in two cases does he give the results of sub- 
sequent injections of carmine or vermilion (loc. cit. p. 388, i. and 
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p. 387, iii.). In one he found that “sections from the extremities 
exhibited glomeruli fairly free from vermilion; in the middle region 
however a large proportion of the glomeruli were injected.” In the 
other he found quite a different state of things, namely, that “although 
as a whole the kidneys were almost uninjected, nevertheless in several 
of the glomeruli, specially in the mid portion, carmine was to be seen.” 

The fact that injections of urea produced a flow of urine in this 
second case in spite of the fact that the glomeruli were almost 
uninjected must mean that either the injection was unsatisfactory or 
that urea had been passed out with water by the tubules, which would 
agree with Nussbaum’s original statement, or finally that the few | 
injected glomeruli had furnished the secretion observed. We can not 
regard this latter explanation as likely, because it has never been 
_ possible to produce an appreciable flow of urine by injections of urea 
at the end of three days when subsequent injection has shown that 
practically all the glomeruli were cut out of the circulation. Whether 
this depends primarily upon the fewness of the glomeruli. in circulation 
or upon the change in the renal ow it is impossible at present 
to say. 


CONCLUSIONS, 


1, My experiments fully confirm Nussbaum’s statement that 
ligature of all the arteries to the kidneys in the frog cuts the glomeruli 
permanently out of the circulation. The capillaries so cut out become — 
“infarcted. If glomeruli are left in the circulation, the ligature of the 
arteries has been incomplete. Adami’s failure to confirm Nussbaum 
was due to incomplete ligature of the arteries. 

2. After ligature of the renal arteries, immediate injection of the 
kidneys by way of the renal-portal veins gives no evidence of the 
possibility of a collateral circulation being set up from the renal-portal 
capillaries through the glomeruli. This result was also obtained by 
Nussbaum. 

8. When all (Nussbaum) or a certain proportion of the glomeruli 
are cut out of the circulation, no spontaneons secretion of urine takes 
place. If urea solutions be injected into the dorsal lymph-sac of such 
_ frogs, no secretion takes place if all or the greater part of the glomeruli 
are cut out of the circulation. The contrary results obtained by 
Nussbaum were due to imperfect ligature. This observer does not 
mention that he made any control injections of his frogs at the end of 
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the experiments. If he had done so he would have found, as I have, 
that any secretion obtained after urea injections is determined by, and 
proportional to the number of, glomeruli whose circulation is still intact. 

4. Cutting off the arterial blood supply of the — causes the 


(1) 


epithelium of the tubules to rapidly, = 


EXPERIMENTS, 


May 13. Control experiment upon normal male frog. Canula in aorta, washed 

_ out with normal salt solution and injected with soluble Berlin blue at 
pressure of 40 mm. Hg, kept up pressure for 10 minutes. 95°/, of glomeruli 
thoroughly injected. 


(II) Aug. 9. Control expériment upon normal male frog. Opened exactly as if to tie 


(111) 


(Iv) 


the renal arteries, cut throngh the peritoneum and turned left kidney to the 
middle line and left for an hour. 
same result. 

Jan. 27. Male frog ligatured, both testes and fat bodies removed, tied up anus. 

6 days. Passed no urine since operation. Washed out and injected. Bladder 
seen empty. No glomeruli injected, though kidneys otherwise well injected. 
Epithelium shrunken, degenerated and desquamating throughout. Glomeruli 
infareted. 

Feb. 10. Male frog ligatured, testes and fat bodies not removed, tied anus, 

8 days. No urine since operation, injected 1 ¢.c. 10°/, solution of urea into dorsal 
lymph sac, tied anus. 

4 days. No urine, injected another c.c. of urea solution, tied anus. 


_ § days. .No urine, washed out and injected, bladder seen empty. No glomeruli 


injected but infarcted, great epithelial change throughout. 
March 21. Male frog ligatured, both testes and fat bodies removed, tied anus. 
2 days. No urine since operation, injected 1 ¢.c. 10°/, urea solution into Goren 
lymph sac, tied anus. 
8 days, No urine, injected 1 o.c. urea solution, 
4 days. No urine, washed out and injected, bladder seen empty. No glomeruli 
injected but infarcted. Epithelial change throughout both kidneys. 


March 25. Male frog ligatured, right testis and fat bodies not removed, tied anus. 


2 days. No urine since operation, injected 1 c.c. urea solution into lymph sac and 
tied anus. 

8 days. No urine, injected 1 c.c. urea solution, tiedanus. __ 

4 days. No urine, washed out and injected, bladder seen empty. Few injected 
_ glomeruli at either end of both kidneys, injected arteries seen going to these 
parts. Very few glomeruli injected in mid portions. Epithelial change 
meruli infarcted. 

lymph sac, tied anus. 

4 days. No urine, injected 1 c.c. urea solution, tied anus. 

5 days. No urine, washed out and injected, bladder seen empty. Very few 
injected glomeruli scattered through kidneys, all others infarcted, general 
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March 28. Male frog ligatured, both testes and fat bodies removed, anus tied up. 

1 day. 1 drop bloody urine, tied anus. 

2 days. No urine, injected 1 ¢.c. urea solution, tied anus. 

8 days. No urine, injected urea again, tied up. 

4 days. No urine, washed out and injected, bladder empty. At anterior end of 
right kidney were several injected glomeruli and an injected artery running to 
it, here the epithelium was far less changed than in left kidney, at the anterior 
end of which no glomeruli were injected. At lower end of which no glomeruli 
were injected. At lower end of both kidneys were some injected glomeruli 
with injected arteries, the epithelium improved as compared with the middle 
of the kidneys. 


Feb. 28. Mate tog tevin and ft not removed, tied ano 


2 days. 2 drops bloody urine since operation, tied anus. 

4 days. No urine, tied anus, injected 1 c.c. urea solution. 

5 days. No urine, washed out and injected. No injected glomeruli except very 
few at lower end of right kidney, otherwise glomeruli infarcted. Epi- 
thelium much degenerated throughout, blood casts in some of the tubules. 

Feb. 16. Male frog ligatured, both testes and fat bodies removed, tied anus. 

4 days. No urine since operation, injected 1 ¢.c. urea solution and tied anus. 

5 days. No urine, washed out and injected, bladder seen empty. Very few 
injected glomeruli in mid portions of both kidneys, with an injected artery 
to each. Epithelial degeneration throughout. 

March 24, Male frog ligatured, testes and fat bodies not removed, tied anus. 


- 8days. 1 drop urine since operation, tied anus. 


4 days. No urine, injected 1 c.c. ures solution, tied anus. 

5 days. 2c.c. urine, washed out and injected. 
many injected glomeruli, far fewer in right: injected arteries. Upper halves 
of kidneys contained no injected glomeruli, and here epithelium is much 
changed but improves towards lower ends. 

Jan, 21. Male frog ligatured, removed testes and fat bodies, tied anus. 

2days. 10 drops urine since operation, tied anus. 

3 days. Few drops urine, tied anus. 

4 days. Fewer drops urine, tied anus. 

5 days. Fewer drops urine, tied anus. 

6 days. Washed out and injected. Nearly every glomerulus at the two ends of 

rest of kidneys scarcely any injected glomeruli, but here they were infarcted. 
At the ends the epithelium appeared normal, but in middle parts there was 
scattered change. 

Feb. 16. Male frog ligatured, ee 

2 days. Many drops of urine in bladder, tied anus. 

4 days. 10¢.c. urine, tied anus. 

5 days. 1 ¢.c. urine, washed out and injected. Upper halves of kidneys glomeruli 
not injected but infarcted and epithelium degenerated. In lower halves main 
lower ends. 
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THE EFFECT OF LOCAL INJURY UPON THE EXCI- 
TATORY ELECTRICAL RESPONSE OF NERVE. By 
FRANCIS GOTCH, DSc, M.A. (Oxon.) F.RS., Professor of 


Physiology, University of Oxford. 


THE prolonged electromotive change produced in nerve or in muscle by 
a local injury is an extremely familiar phenomenon. It is described in 
various terms, the nerve current or muscle current of du Bois Reymond, 
the resting current, injury current, alteration change, demarcation effect, 
whilst its characteristic feature is usually represented in the following 
language; an injured part becomes galvanometrically negative or 
relatively negative to unaltered portions of tissue remote from the 
seat of injury. Before stating the special object of the present in- 
vestigation and its relation to the existence of such injury effects, I 
desire to support and briefly to justify the use of a different terminology 
to that which is ordinarily employed in speaking of such electro- 
physiological changes. 

The terms “galvanometrically negative,” “relatively negative,” 
although correctly stating the character of the change in question, 
do not appear to be either logically sound or practically desirable. 
The desirability of amending these was mooted by Waller at the 
International Physiological Congress held last year in Turin. The 
source of the new electromotive effect is in the tissue, and any term 
describing its character should denote this, not in relation to external 
circuits connected with galvanometers or other recording instruments, 
but in relation to the tissue itself. The source of the change consists 
in all the tissue nearer the seat of injury becoming electro-positive, — 
as regards that further off, and since this terminology is in accordance 
with that used in physical science for the description of similar electro- 
motive sources, it will be employed throughout the present communi- 
cation. It is scarcely necessary to add that the electromotive effect 
which accompanies the passage of a nervous impulse must necessarily 
be also described in the same language, that is to say a propagated 
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nervous impulse referred to as associated at each point with — 
‘positivity, not with galvanometric or relative negativity. 

As regards the various phrases, injury effect, demarcation effect, 
alteration effect, resting current, nerve current and the like, which have — 
been used to denote nerve electromotive changes, the employment of _ 
any one of these may be dubiously interpreted as involving either 
explicitly or implicitly some theoretical view in regard to its real 
meaning or causation. I propose in this article to use a phrase which 
shall express my own conception of its physiological significance inan - 
manner, and to call the _Injary effect the “injury 
response.” This phrase “injury response * ’ directly implies that the 

change is one which is evoked by the injury, or its chemical sequels, 
‘acting as a stimulus; its presence is evidence that the living tissue, 
having a capacity to respond, has actually responded to local 
stimulation. 

_ The various reasons, which 1 appear to me to justify the employment 
of the term “injury response,” cannot be fully dealt with at this stage, 
some of them may however be briefly touched upon and others will | 
appear in the succeeding portions of this article. In the first place the 
electromotive condition is called into existence as suddenly as are those 
other excitatory changes which are so familiar. When developed it is 
indistinguishable so far as its electromotive properties are concerned 
from that evoked by any prolonged local excitation. It is true that 
it differs from the more familiar responses, described commonly as ~ 
action effects or action currents, in two important points, namely, the 
prolonged character of its time relations and the localisation of the 
effect, but neither of these has been considered as inconsistent with 
excitatory responses. In this connection it is only necessary to recall 
the localised contraction’ of muscle to the voltaic current, or the 
anodal excitatory after-effect occurring in nerve and in muscle when a 
voltaic current ceases to flow. There is an undoubted difference 
between the duration of the “injury response” which is measured by 
hours, and that of the active effect in nerve measured by thousandths 
of seconds, but although measured by hours the injury response like 
the latter does subside, and both as regards its duration and its 
magnitude is affected by those conditions of temperature, etc., which 
influence the time relations and extent of the rapid action current. 
Finally the “injury response,” when it has subsided, can be renewed 
by a fresh injury of mechanical, thermal or chemical origin, acting as 
a fresh stimulus, and if it has been evoked by a recent operation of 
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this kind, such for instance as a cross section, then a second operation 
in the living tissue adjacent to that where the first occurred cannot 
increase the magnitude of the “injury response.” Similarly, a second 
stimulus applied to the tissue cannot evoke a second electrical action 
current, if it occurs whilst the change due to the first is present’. 
Tn order to study the “injury response” it is desirable that the 
tissue should be free from all previous injury effects before the stimulus 
of the local injury is applied. This, in the case of nerve, can be brought 
about by excising the sciatic nerve of the frog, with or without its 
spinal and peripheral attachments, cutting those branches which supply 
the muscles of the thigh, etc., and placing the preparation for 12 to 
_ 20 hours in an appropriate saline solution (Ringer's fluid or physio- 
logical saline with Ca salts and a little frog’s blood). Such “kept 
nerves” show no injury response anywhere; all their parts are 
isoelectrical and they can be truly regarded as resting, 1.e. unexcited 
nerves; it is on such “kept nerves”-that the observations connected 
with the present research have been made. | 
- The most interesting feature of the injury response is the modi- 
fication which its presence produces in the “action current,” 1.e. the 
electrical disturbance which accompanies the passage of a propagated 
excitatory disturbance. It is well known that the propagated effect 
in uninjured nerve reveals itself as a diphasic change, because a wave 
of electro-positivity travels under first one and then the other of any 
two contacts placed upon the surface of continuous muscle or nerve 
fibres. In a nerve with a recent local injury and with the distal contact 
- upon this, the observed effect is a monophasic change because the 
electro-positive wave passing. under the proximal fails to reach the 
distal tissue at the seat of injury. Although various aspects of these 
two effects, the diphasic and the monophasic, have been ascertained 
in the case of nerve by the use of the rheotome, the extent of the 
modification caused by the presence of an injury response has not and 
indeed cannot, in my judgment, be satisfactorily determined by rheo- 
tomic methods since these involve the stimulation of the nerve by a 
series of stimuli, and it is essential that the modification should be — 
determined in the propagated response to a single stimulus. This 
is rendered possible by photographic records of a sufficiently sensitive 
capillary electrometer, and we are fortunate in having at Oxford a 
remarkably fine instrument of this class made by Mr Burch. With — 


1 Gotch and Burch. This Journal, xx1v. p. 410. 1999. 
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this I have, in conjunction with Mr Burch, made a very large number 
of records of nerve responses under a great variety of circumstances, 
including experimental conditions so contrived as to give nadersceaes 


' on the special point referred to in this communication. 


The records appear to me to show, (1) that the excitatory electro- 
positive wave started by a stimulus and propagated with the nervous 


‘impulse along a nerve, diminishes as it approaches the neighbourhood of 


any region which is the seat of an “injury response;” (2) that this 
diminution commences at some little distance from the seat of the 
injury; (3) that within four to five millimetres of the point injured 
the wave becomes in the case of the sciatic nerve of the frog so small 
as to be practically non-existent. 

I propose in this article to describe the methods employed for 
obtaining these records and to give typical instances of such as have led 
me’ to these conclusions. The conclusions themselves involve some 
interesting and important deductions which will be referred to at the 
end of the paper. 

_ The Eaperimental Method. The capillary electrometer was an ex- 
tremely sensitive instrument made for the study of nerve; its movements 
were recorded upon a rapidly moving photographic plate which was 
carried on one arm of a balanced pendulum. The whole recording 
apparatus, with its auxiliary pendulum for sending through the nerve 
an induction shock during the transit of the plate, has been described 
in previous communications and need not be referred to in more detail 
now’, 

The kept nerve (sciatic of frog) was dissected out through its whole 
length; it was left attached to a piece of the spinal column and 
generally to the group of muscles arising below the knee; it was placed 
with these spinal and muscular attachments in tap water saline con- 
taining calcium salts as well as sodium chloride (0°6 °/,) for about 20 to 
24 hours. 

_ For experimental purposes a special ‘eae was arranged. This 
was embedded in ice, the whole being shut in a double-walled large 
refrigerator; since the special chamber communicated by tubes with 
the outside, it was possible to send air through of any temperature 
and thus to control the temperature of the nerve surroundings. The 
extreme susceptibility of the electrical change to alteration by tempera- 


__ ture rendered it advisable not only to have this under strict control but 


1 Gotch and Burch. Proc. Roy. Soc. uxur. p. 300. 1898. 
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also to employ some method of ascertaining the temperature throughout 
any given experiment: for this purpose recourse was had to thermo- 
electric junctions, one of which was placed alongside the nerve in the 
chamber, whilst a second junction immersed in paraffin oil was placed 
in a small ice calorimeter outside. The temperature of the nerve 
chamber was deduced from the readings of a suitable galvanometer to 
which both sets of junctions were attached. The method proved of 
great utility since it was always possible to ascertain when the tem- 
perature of the chamber had reached a steady ‘point, and when any 
alteration in this occurred in consequence of the opening of the chamber 
for the purpose of altering the arrangement of the nerve preparation 
further observations were delayed until the same temperature had been 
regained; the temperature generally employed was from 4° to 5°C. 
The nerve was fixed in the chamber in the usual way, the only 


novelty being the employment of mimosa spines for fixing the spinal - 


or peripheral ends of the preparation: these spines are strong, very 
sharp pointed and excellent non-conductors. The chamber contained 
two pairs of electrodes, one pair connected the nerve to the capillary 
- electrometer circuit, the other’ connected the plexus of the nerve with 


the secondary circuit of an induction coil. The primary coil of ‘the — 


induction apparatus was without its core and was connected through a 
key in the photographic chamber with one Daniell cell; this key was 
opened at each passage of the recording pendulum. The secondary coil 
was placed at a distance from the primary, which in each case was found 
to be just suitable for developing a maximal response of the nerve -or 
twitch of the supplied muscles when at the passage of the pendulum a 
single break shock traversed the plexus. The positions of the contacts 
connecting the nerve to the electrometer were varied in a number of 
ways, as were also the methods of making a fresh effective injury; these 
will be described in typical instances which may be taken as indicating 
‘the chief variations made use of in the present series of experiments. 
In the photographic records the precise moment at which the single 
excitation occurred was generally indicated by an extremely sharp 
downward movement of the meniscus of the capillary, this being due 
to an electrotonic escape of the induced current used for excitation, 
which reaching the contacts on the nerve-trunk, thus affected the 
tustrument. The escape can be readily distinguished in every record 
preceding the larger movement of the meniscus caused by the ex- 
citatory change developed in the nerve. Three methods were employed 
for effecting the local injury; the familiar method of complete section, 
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the tightening of a fine strong ligature, and the compression of the 
nerve upon an ebonite block especially arranged for this purpose by 
means of a wedge-shaped blunt chisel. The last-named plan had the 
advantage that it marked both the nerve and the block, it thus enabled 
accurate measurements to be made of the distance between the seat of 
injury and the points of contact of the electrodes which connected the 


_ nerve to the capillary electrometer. 


THE MODIFICATIONS IN THE EXCITATORY ELECTRICAL RESPONSE 
AT OR NEAR A RECENT LOCAL INJURY. 


The general nature of the modifications as shown by the electrometer 
records are illustrated by a series of facsimile prints which are shown in 
a succeeding figure. This series may be considered as typical of all 
such experimental observations, and the methods by which it was 
obtained may be said to fairly a as those which itt the results 
are described later. 


Elect* 


Fig. 1, 


In the particular instance now referred to a kept sciatic nerve was 
placed in the special chamber and connected with the electrometer by 
a proximal electrode P, and a distal one D. These together with a 


_ pair of exciting electrodes (X) occupied the positions roughly indicated 


in the diagram shown in Fig. 1. The nerve was now injured by .an 
effective compression near the muscle at the point marked C,; the 
distance between the distal contact D and the compression C, was 
10 mm., and records of the response to a single stimulus at (X) were 
then obtained. A second compression was now made 8 mm. from D, 
at (@,, and records obtained; a third compression 6 mm. from D at C,; 

a fourth, 4 mm. from D at C,; a fifth, 2 mm. from D at C,; finally a 
compression or a section was made at the actual point D. Great care 
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Fig. 2. Four electrometer records of electrical changes in the kept sciatic nerve — 
(R. temporaria) excited by a single stimulus. Curves to be read from left to right. 
The moment of the stimulus by a single maximal break induction shock indicated in 
each case by a small downward displacement. Proximal electrometer contact 15 mm. 
from seat of stimulus, distal contact 15 mm. beyond proximal. The time tracing 
above each curve indicates ‘005” for each complete vibration. In the upper record an 
effective injury had been made 10 mm. peripheral to the distal contact; in the second 
record an injury had been made 8 mm. beyond the distal contact; in the third record 
the injury was 6 mm. beyond the distal contact ; in the fourth (lowest) record the 
injury was 4 mm. beyond the distal contact. Temp. 6°C, throughout. 
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was taken not to displace the capillary contacts by the compression, and 
all other conditions of temperature etc., were kept constant. 

It. will be seen that the successive photographic records displayed 
in Fig. 2 are obviously unlike one another. Thus in the upper record 
the mercurial meniscus evidently suffered an upward displacement which 
was succeeded by a downward one, this indicating the occurrence of 
two electromotive effects of opposite sign in rapid sequence, the familiar 
diphasic effect of the uninjured nerve. It will be noted that in this 
case the effective injury being at C, was 10 mm. beyond the distal 
contact, D, and 22 mm. beyond the proximal one, P. 

In the second record of this series the effective injury being at C,, 1.¢. 
8 mm. beyond the distal contact D, the character of the excursion is 
different, the downward portion being now prolonged i in its later stage. 
This modification becomes more pronounced in the third record, in 
which the effective injury was 6 mm. beyond the distal contact at C;,; 
it reaches its maximum in the fourth record, in which the injury was 
4mm. beyond the distal contact C,. The fact that the modification had 
reached its maximum, was shown by the circumstance that no difference 
could be made out between this record and those obtained when the 
injury was only 2 mm. beyond the distal contact or those in which it 
_ was actually at the place where the contact D was placed. 

Records of the displacements of the mercurial meniscus are, however, 
of little value unless they admit of an accurate interpretation in terms 
of the potential differences which gave rise to them. 

A number of records were therefore obtained of sufficient clearness 

to admit of careful precise analysis; from these analyses deduced curves 
have been framed which depict the time relations of the excitatory 
difference of potential which subsists between the proximal and the 
distal contacts. These deduced curves show in an extremely graphic 
way the characters of the modification which the injury response 
produces in the excitatory wave. Examples will now be given of 
typical instances of such deduced curves; each modified curve is for 
purposes of comparison plotted with the normal one so as to make the © 
differences between the two more obvious. ae 

In Fig. 3 are shown two curves, numbered 1587 and 1591; the 
first of these, drawn with a pronounced black outline, is the analysis 
of the excitatory response to stimulation by a single induction shock 
obtained in a kept nerve when no injury response was present, it is 
seen to be diphasic. The second, drawn in weaker outline, is the 
excitatory response in the same nerve at the same temperature 5°C., 
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five minutes after a local injury had been made 8 mm. beyond the 

| distal capillary contact. It is clear that the first phase due to events — 

| occurring under the proximal capillary contact situated 20 mm. from 
the seat of compression is remarkably similar in both analyses ; on the 

other hand the second phase, due to the predominance of the events 
occurring under the distal contact 8 mm. from the seat of compression, 
is altered in the curve 1591, being delayed in its onset, diminished in 
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Fig. 38. Analyses of two electrometer records plotted as curyes; the ordinates indicate 
difference of potential between contacts, abscisse the time after the moment of 
stimulation, indicated at x. Portion of curve above zero line indicates electro- 
positive change under the proximal contact, that below indicating electro-negative j 
change at this point'. The thicker line (curve 1587) indicates changes in the kept . 
nerve before any injury at a temp. of 5°C. The lighter line (curve 1591) is that of 
the changes after an injury had been made by compression 8 mm. beyond the distal _ 

contact. Distance between proximal and distal contacts =12 mm. ; distance between 
iene exciting electrodes and proximal contact=13 mm. After the injury, the prolonged 
injury response caused a persistent difference of potential between the proximal 

and distal contacts, the former being electro-negative to the latter -0028 volt. 


the amount of its development and slowed in its general subsidence. 
All these alterations appear therefore to happen to the electrical 
disturbance as it passes along the frog’s sciatic nerve within 8 mm. of 
an injury which has recently evoked an injury response. In the de- 
scription appended to the figure, it will be found that evidence of 
this injury response (persistent potential difference) presented itself 
even though the nearest contact observed was 8 mm. off the actual 
seat of compression. 

In Fig. 4 are shown two curves numbered 1575 and 1580. The 
first of these is as before the curve showing the potential difference in 


1 The terms “ electro-positive” and « @lectro-negative” correspond with those of 
negative” and by most 
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the uninjured kept nerve at 5°C., when a single excitatory response 
is evoked by a single stimulus; the second curve 1580 is the single 
excitatory response when the nerve was compressed 17 mm. beyond the 
proximal and 6 mm. beyond the distal contact. It is clear that whilst 
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Fig. 4. Analyses of two electrometer records plotted as curves. Moment of stimulation 
represented at point x, other details as in Fig. 3. Kept nerve at temp. 5°C, Curve 
1575 represents changes in nerve before any recent injury; curve 1580 represents 
changes in nerve when an injury had been made 6 mm. beyond the distal contact. 
Distance between proximal and distal contacts 11 mm.; distance between seat of 
excitation and proximal contact 15 mm. Injury response showed itself by persistent 
_ potential difference between the proximal and distal contacts of 0035 volt. 
both curves are diphasic, that after the compression (1580) differs from. 
that before the compression in two prominent particulars. The first 
phase of curve 1580 is much more pronounced than that of the un- | 
injured nerve, thus indicating that the tissue under the proximal 
contact was now in a condition which augmented its functional capacity. 
The second phase of curve 1580 shows plainly the delayed onset, 
diminished amount of development and slower subsidence, which 
characterise the modified effect in the previous example. 
In Fig. 5 are shown two curves, one in broader outline, 1587, 
representing the character of the single excitatory response found in 
the uninjured nerve, the other in weaker outline, 1592, the excitatory 
response in the same nerve after a local compression had been made 
4 mm. beyond. the distal and 15 mm. beyond the proximal contact. 
The first curve 1587 is the normal diphasic one, but the second 
curve 1592 is seen to be monophasic, and is thus limited to the 
representation of those tissue changes which take place in the neigh- 
bourhood of the proximal contact’. Like the previous example, it 
1 Sinee the normal diphasic effect is the algebraic sum of two successive changes of 
opposite sign, the first phase does not represent the full change under the proximal 
contact; it is cut short by the commencement of the same change under the distal 
contact, hence the monophasic does not coincide with the first phase of the diphasic effect. 
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reaches a higher development than: that of the uninjured nerve, but 
the great interest in the comparison is afforded by the complete 
absence of any indication that an electrical change has occurred in 
the tissue under the distal contact although this is 4 mm. from the 
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Fig. 5. Analyses of two electrometer records plotted as curves as in Figs. 3 and 4, the 
moment of stimulation occurring at point marked x. Kept nerve at 5°C. The 
darker line (curve 1587) shows the character of the change in the nerve before 
a recent injury; the thinner line (curve 1592) shows the change when the nerve 

had been previously injured 4 mm. beyond the distal contact. Distance between 
proximal and distal contacts, 12 mm.; distance between exciting electrodes and 
proximal contact, 138 mm. Injury response showed itself by persistent difference of 
potential between. proximal and distal contacts of ‘0065 volt. 


actual site of the recent injury. It was ascertained that even when 
this injury was made 2 mm. beyond the distal contact or was made 
in a situation practically adjoining the position of this contact, no 
further alteration in the excitatory electrical response was perceptible 
either in the photographic records or in their analyses. 

In Fig. 6 are two curves in illustration of the remarkable point 
referred to in the preceding sentence. The curve 1356, given in 
weak outline, is the excitatory electrical response of a nerve when a 
recent injury by means of a ligature had been made 4 mm. beyond 
the distal contact. The curve 1358, given in darker outline, is the 
excitatory response of the same nerve when it was divided and the 
cross section placed so that the distal contact touched it, The 
temperature and all other conditions remained unchanged, but it 
will be observed that not only are both the curves monophasic but 
that they are on the whole remarkably similar. It follows from this 
that the excitatory electrical wave evoked by a single stimulus is as 
completely imperceptible when it approaches. to within 4 mm. of the 
seat of an effective recent injury as it is known to be at such an injury. 
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In view et the interesting considerations which seem to arise out 
of this conclusion,.it seemed advisable to confirm the result by using 
some other methods adapted to test its accuracy. Two of these will be 
briefly referred to in the next paragraph. | a 
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Fig. 6. Analyses of two electrometer records plotted as curves. Revords obtained in kept 
nerve at 6°C. under the following conditions. Before obtaining the record 1356, an 
injury had been made 4 mm. beyond the distal contact; before obtaining 1358, the 
injury (a cross section) was made at the point touched by the distal contact. 
Distance between proximal and distal contacts, 16 mm.; distance between proximal 
contact and exciting electrodes 14mm. The injury response showed itself between 
the contacts of 1356 as a difference of potential = -013 volt Shove of 
as a difference of eT “017 volt. - 
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Fig. 7. Analyses of two electrometer records plotted as curves, Kept nerve at 6°C. being 

the same as that used for results given in Fig. 6. Curve 1853 indicates the electrical 
changes when the distal contact was placed 10 mm. away from the recent peripheral 
injury. In the case of the curve 1356 the distal contact was shifted to 4 mm. from 
_ the seat of the recent injury. The proximal contact remained unaltered at 14 mm. 
distance from the exciting electrodes. Distance between proximal and distal contacts, 
10 mm. in record 1353, 16 mm. in record 1356. Injury response showed potential 
difference of °002 volt before record 1353 and of °018 volt before record 1356. 


In Fig. 7 two curves are shown, one of which, 1353, with darker 
outline is the analysis of the excitatory effect observed in a kept 
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nerve with a ligature recently applied around its peripheral end, 
10 mm. beyond the distal contact; in this case the proximal contact 
was placed 20 mm. from the seat of injury: The other curve, 1356, 
with weaker outline, was obtained in the same nerve after the distal 
contact had been shifted to within 4 mm. of the seat of the ligature. 

It will be seen that whereas the first curve, 1353, is diphasic, the 
second one, 1356, is entirely monophasic. The distance between the 
proximal and distal capillary contacts was only 10 mm. in the first 


- case but increased to 16 mm. in the second through the shift of the 


distal contact; owing to the increased distance between the electro- 
meter contacts the duration of the monophasic curve, 1356, is much 
prolonged as compared with that of the first phage of the diphasic 
curve, 1353; it will be noticed that there is no trace of any second 
phase such as an — effect under the distal contact 
must ‘cause, 
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Fig. 8. Analyses of two electrometer records plotted as curves. Kept nerve at 5°C. 
Record 1842 with darker outline shows the changes evoked by a single stimulus 
when no recent injury had been made, and with a distance of 15 mm. between the 
proximal and distal contacts. Record 1344 shows the changes evoked by the same 
stimulus after a ligature bad been tightened round the nerve at a point between the 
contacts situated 7 mm. from the proximal and 8 mm. from the distal (see Fig. 1). 

In neither case was there any perceptible difference of potential as the result of an 
injury response; the absence of this after ligaturing is due to this response equally 
affecting both contacts, proximal and distal. 


Further confirmatory evidence was obtained in the following manner. 


Instead of injuring the nerve beyond the distal contact, a ligature 


was arranged so that it could be tightened when necessary around 
a kept nerve on the distal side of the proximal electrometer contact ; 
the situation of the ligature was arranged so aa‘to'lie between the two 
capillary contacts P, and D (see Fig. 1), at the point Z. The 
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contacts were at first placed so that the ligature should lie about 
midway between them, but before it was actually tightened the normal 
excitatory response was obtained. Its character is shown in Fig. 8, 
curve 1342; it is of course diphasic. The ligature was now tightened 
in such a position that it lay about 7 mm. from contact P, and 8 mm. 
from contact D. The electrical response to a single stimulus was now 
of the type shown in the curve 1344. It is naturally monophasic since 
all propagation beyond the ligature is impossible; its time relations 
differ from those of the first phase of the curve 1342, they show no 
difference in rapidity of development but there is evidence of diminished 
amount and of retarded subsidence. These are the features which 
characterise the change at the distal contact within 6 to 8 mm. of a 
recent injury, and it appears from this experiment to,characterise the 
change at the proximal contact when this is within the same distance 
of an injury. If the proximal contact is now shifted so as to bring the 
effective ligature within 4 mm. of such proximal contact, then the 
electrometer gives no evidence of any electromotive change in response 
to a single stimulus applied above the proximal contact. Hence it 
appears that within 4 mm. of a recent effective injury the tissue. 
under the proximal contact suffers little or no electrical change, 
when an excitatory effect is evoked by a single stimulus, and this 
is propagated along the nerve. 

‘ From a number of such records as Ouse: given in vainnenhe (4), 
(5), (6), there can I think be little doubt that the sensitive electrometer 
used at Oxford showed no excitatory electrical change in that portion 
of a kept nerve which lies 4 mm. on the excited side of a recent 
adequate injury. If then the instrument used is a reliable indicator of 
excitatory electrical effects, these must be extinguished at this point, 
and in any case must be so greatly diminished as to be practically 
negligible. 


THE CAUSATION OF THE’ MODIFICATION. 


The experiments described in the previous section show that when 
a single stimulus has evoked in the sciatic nerve of the frog a single 
propagated excitatory change, the electrical concomitant of this change 
is modified as it approaches the seat of an injury response ; it becomes 
less in amount and more prolonged in its time relations when it reaches 


regions situated within 8 to 6 mm. of the seat of injury, and it becomes 
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so small as to be practically negligible when it reaches regions within 
4 mm. of this injury. 

_ The causation of the prolonged character of the time relations may 
be due to both delayed rate of transmission and delayed rapidity of 
development ; at present it is doubtful which of these factors is most 
prominent. The causation of the diminished amount of the electrical 
change is however to be regarded more definitely as due to a diminution 
in the capacity of the tissue to develop the excitatory electrical change. 
What is the reason of this diminished capacity extending for some little 
distance along the nerve and occasioned by the presence of an injury 
response? I believe the answer to this question is related to the 
undoubted fact that the amount of excitatory electromotive ‘effect 
produced at any point of the tissue cannot rise above a certain 
maximum. When therefore this maximum has béen already attained 
and has been brought into existence by the stimulus of a local 
injury no further electrical effect is possible. On the other hand, in 
those regions in which an electrical effect of the excitatory type 
evoked by the stimulus of the injury response exists in submaximal 
degree, further excitatory electrical change can occur but only to the 
extent necessary to bring the total effect up to the level of the maximal 
change of which the tissue is capable. 

In support of this view I would urge the following considerations, 
which ‘show that once the maximum is reached there is no possibility 
of this being increased by a second stimulus. 

In the first place it is a familiar experience that when an injury ; 
response has been produced by an adequate injury, a second injury does 
not cause any increase in the value of the electromotive change (the 
so-called demarcation current) unless the response has had time to 
subside ; there is, in other words, no summation of electromotive effect 
in nerve through successive injury responses provided the initial effect 
is maximal. 

This incapacity of the tissue to give any evidence of a second 
electromotive effect, if a change of similar type has been evoked 
by means of a previous stimulus, is a characteristic feature of the 
excitatory propagated response. 

In a previous communication by Burch and myself we showed 
that there is a period during which a second stimulus is completely 
ineffectual, and that this period is strictly related to the duration of the 
excitatory electrical change evoked by a previous stimulus; these 
observations have since been confirmed by Boruttau. In our com- 
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spntontion: we gave no analyses of the changes produced by two suc- 
cessive stimuli’. Such analyses have now been made and a typical 
group of deduced curves are shown in - Fig. 9. 
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Fig. 9. Analyses of eight electrometer records, each record being the electrical changes in 
a kept nerve evoked by two successive stimuli. The first stimulus occurred in each 
case at the point marked 0’, the second at various intervals after this, The dotted 
curve represents the identical records obtained when the second stimulus occurred at 
0005”, 0008”, 0017”, and 002” after the first, with the nerve at a temperature of 
10°C. ; the change is a single one evoked by the first stimulus only. The curves in 
dark outline 1053 represent the two responses, one to the initial stimulus, the other 
to a second one at -007” marked 2nd exc. 1053, the temperature of the nerve being 
12°C. The other curves 1050, 1051, 1052, represent respectively the responses to 
this second stimulus when it occurred at 0027’, 0035”, and 0045” after the first as 
marked on the zero line; in all these cases the response to the first stimulus was 
‘represented by the darker outline of the curve 1053 up to the point where the lighter 


eurves 1050, 1051, 1052, respectively leave this line. nw er no trace of 
any recent injury. 


They exhibit with great clearness the modifications in @ second 


response due to the presence of a predecessor. The nerve from which 
the records giving rise to this series of deduced curves were made was 
of the kept uninjured variety. It was throughout at 12°C. and the 


first stimulus occurred always at the point represented by the ordinate 
0”. The thicker line (curve 1053) represents two successive diphasic 


1 Gotch and Burch. This Journal, xx1v. p. 410. 1899, 
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effects, the first being evoked by the first stimulus, the second by one 
at 007". The dotted curve shows the change evoked by the first 
stimulus only in four different experimental records, a second stimulus 
occurring in each case at some interval less than 0025”, z.e. whilst the 
change evoked by the first was in progress. It was only when the 
second stimulus occurred after the first at an interval of 0027” (the 
point marked 2nd exc, 1050) that a second response was obviously 
evoked, this being of the type shown in the curve 1050; its EMF. is 
little more than one-third of that of the initial response. The capacity 
of the tissue to respond only recovers gradually; thus the curve 1051 
evoked by a second excitation at an interval of 0035” (2nd exc. 1051) 
and the curve 1052, evoked by a second stimulus at 0045” (2nd exc. 


- 1052), show the same diminution, though to a less extent. — 


Obviously previous activity prevents the full development of a 
second electrical response, and the nearer such second evoking stimulus 
comes to the period during which the previous change is present, the 
more the second response is modified until with sufficient propinquity 
it is non-existent, or so small as to be imperceptible by means of our 
instrument. 


4 


4227 
1220 


‘a 02° 

Fig. 10. Analyses of several electrometer records, each record being that of the electrical 
changes evoked by two successive stimuli in a kept nerve at 4° C. after a recent injury 
had been made within 2 mm. of the distal contact; all the changes are strictly mono- 
phasic. The larger first curve without any of the subsequent ones shows the change 
evoked by either one or by two stimuli, provided the second was less than -006” after 
the first. Curve 1221 is the slight prolongation observed when the second stimulus 
was ‘006” after the first (marked 1221 on zero line) ; curve 1220 the second response 
to a second stimulus 008” after the first (marked 1220 on zero line); curve 1219 the 
second response to a second stimulus at ‘0115” after the first (marked 1219 on zero 
line). 


Another series of deduced curves dealing with the same subject is 


given in order to show that this modification of a second response 
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occurs also when the electrical response is monophasic. In Fig. 10 are 
depicted the deduced curves obtained by plotting the analyses of ex- 
perimental records when two stimuli excited a kept nerve, at 4°C. and 
when an effective recent injury had been made at the peripheral end of 
the nerve. Owing to the injury response the change produced by each 


of the two stimuli is now strictly monophasic. The thick line (curve 


1219) shows both the initial response and that evoked by a succeeding 
stimulus 012” after the first (exc. mark 1219). All stimuli occurring 
at intervals of less than 006” proved quite ineffectual, but with the 
second stimulus at ‘006” (exc. mark 1221) a slight distortion (curve 
1221) occurred at the end of the initial response. With the second 
stimulus at 008” after the first, there is a perceptible second response 
indicated in the curve 1220; this second response is of small E.M.F. and 
is prolonged as regards the time relations of its maximum development. 
The foregoing instances leave no doubt in my mind that unlike the 
mechanical effect of an active voluntary muscle, the nature of the 
electrical effect in an active nerve is of such a character that no 
increase, above the amount developed by a maximal single stimulus, is 
possible as the result of a second stimulation ; there is in short no sum- 
mation of the electromotive effects to a series of stimuli each of which 
is maximal. 

Since therefore no such summation occurs either when two stimu-. 
lating injuries are applied to the nerve or when two maximal stimu- 
lating induction shocks are applied, although each is, when alone, 
capable of evoking a propagated electrical effect, it appears to follow 
that the combination of a stimulating injury response and a propagated — 
response should also be incapable of showing such summation. The 
evidence of this incapacity is in my judgment those modifications which 
have been described in the preceding sections of this paper, and which 
alter the E.M.F. of the propagated electrical wave as this approaches the 
seat of a recent injury. 

This view is in accordance with the well-known fact that the 
excitatory propagated effect suffers a diminution as it approaches a 
region which has by means of a polarising current been thrown into the 


condition of catelectrotonus. The “decrement” observed under these 


circumstances is plainly visible in records of the response of nerve to a 
single stimulus’. Since the nature of cathodic polarisation is such as 
to produce a type of electromotive disturbance (electro-positivity) 
1 Hermann. Handbuch d. Physiol. u (i) p. 167. Gotch and Burch, Proc. Roy. 
Soc, p. 809, 
PH. XXVIII. ¢ 


é 
ae 
| 
u 
18 4 
of 
on 
A 
a 
8 
y 
‘ig 
y 
u 
jx 
7 


50 . F. GOTCH. 


similar as regards its sign to that present both in the injury response 
and in the propagated excitatory one, the decrement in the excitatory 
change may be conceived as due to an incapacity of the tissue to 
undergo a further electrical change of this type. It would in ac- 
cordance with this conception be due to the circumstance that cathodic 
polarisation having already produced this electrical manifestation, any 
further manifestation of the same type can only bring this up to a 
maximum and is therefore limited. 

A point of interest remains to be briefly referred to in connexion 
with the causation of the modification. So far all the experimental 
evidence obtained by the Oxford instrument appears to show that the 
maximal electromotive change of the injury response extends over a 
length of nerve of about 4mm. This implies that the nervous tissue 
is for the whole of this distance the seat of a maximal injury response. 
As regards the propagated electrical effect evoked by a single stimulus, 


my colleague Mr Burch concludes from his analysis of a large number 


of curves, that thé nervous tissue can remain over a distance of from 
3 to 5 mm. in a state of maximal electromotive development at a given 
instant of time. From quite different data Werigo concludes that — 
the action current at any one point of a nerve may affect simul- 
taneously a length of nerve-fibre represented by him as about 5 mm., 
the whole of this region being thrown into a condition of excitation’. 
The coincidence between these values and that of the maximal 
modification referred to in this paper is suggestive ; at any rate it serves 
to show that the extension of the injury response for 4 mm. along the 
living tissue from the seat of injury is not without its analogies derived 
from other aspects of nerve phenomena. | 


EXCITATORY ELECTRICAL EFFECTS AND NERVOUS IMPULSES. 


The facts detailed in this communication have a further interest ‘in 
connexion with the question as to how far it is possible to distinguish © 
between an excitatory nervous impulse and the electrical change which 
is considered by many to be its necessary concomitant. The question 
is of fundamental importance, for if Hermann’s theory of propagation® 
is to hold its ground, then the electrical change is the essential 
feature without which a propagated nervous impulse becomes incon- 
ceivable. As I understand this theory, it assumes that the causation 


1 Werigo. Archiv f. d. ges. Physiol. uxxv1. p. 552, 1899. 
2 Handbuch d, Physiol. u. 1. p. 194, &e. 


4 
vy 
§ 
ia 
é 
$ 
4 
i 
i 
} 
| H 
| 
a 
ie 
if 
t 
iz 
~ 
iy 
if 
x 
4 
& 


ELECTRICAL RESPONSE OF NERVE. 51 


of propagation is the production of a catelectrotonic change in each 
unexcited portion of nerve by means of the electromotive change of its 
excited active neighbour. In order therefore for a nervous impulse to 
be propagated at all,-cathodice polarisation must be produced, and no 
excitatory state can be propagated unless accompanied by an electrical 
change of a type and an intensity which will permit the isopasinay of 
such polarisation. 

If, on the other hand, it can be shown that although the passage of 
@ nervous impulse, as evidenced by the contraction of a muscle, is 
generally associated with definite electrical changes of the siahiaians : 
type, yet it is possible under certain circumstances to obtain evidence 
of the occurrence of one of these events without that of the other, then 
the theory referred to is rendered untenable at least in its present form. 

I do not propose in this article to refer to the experiments of 
Herzen’, Radzikowski’, and others in connexion with this question, 
more especially as these experiments have so far only shown that elec- 
trical changes presumably of the propagated type can be obtained in nerve 
under conditions (anzsthesia by chloralose, ether, etc.) which have caused 
‘the disappearance of all evidence that nervous impulses are present; they 
are at any rate inadequate to evoke muscular contractions in the at- 
tached muscles. A far more sweeping separation between the excitatory 
state (nervous impulse) and the electrical concomitant (action current) 
is afforded by experiments which seem to show the reverse state of 
affairs, namely, the presence of transmitted excitatory states, combined 
with the absence or extinction of the customary electrical manifestations. 

In a former communication* evidence was brought forward by 
Burch and myself which appeared to us to justify the statement “that 
the absence of any perceptible electrical response does not necessarily 
imply the absence of a propagated excitatory disturbance.” This 
statement has naturally brought a critical rejoinder from Boruttau‘. 
In his extensive and interesting paper on the electrical changes in 
nerve he describes experimental observations of his own which appear 
to show that our own evidence was not conclusive. Our evidence con- 
sisted of experiments of the following type; one-half of a kept nerve 


1 Centralbl. f. Physiol. x11. 455 ; Archiv. des sciences phys. et nat. (4) vit. 542; Revue 
scientif. 1900. Jan. 24. and the Sep. Abdr. 

* Archiv f. d. ges. Physiol. uxxxiv. p. 57. 1901, Also Centralbl. f. Physiol, xv. p. 
273. 1901. 

* This Journal, xxrv. pp. 422, &c. 1899. 

* Archiv f, d. ges. Physiol. uxxxtv. pp. 95, 96, &c. 1901. 
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comprising the seat of excitation was maintained at a low temperature, 
4°C., the. other half at a higher temperature. We then excited the 
half at a low temperature by two successive stimuli at such an interval 
that for this temperature the record stimulus should be just ineffectual, 
and hence only one propagated electrical wave could be initiated. On 
examining the other half kept at a higher temperature it was found that 
there were two such waves, and ‘that with adequate rise of temperature 
these were almost of equal magnitude. 

We were aware, as indeed we stated in our paper, that the import- 
ance of the experimental verification demanded careful analysis of those 
records upon which our statement was based. These analyses we have 
now made, and I bring forward one which in my judgment may be 
taken as typical of this class of experiment. The analysis shows that 
there is a possible trace of a second electrical effect, and that in this 
sense one of Boruttau’s expectations is justified. 


oo 


Fig. 11. Analyses of several sets of electrometer records obtained in kept nerve when 
excited by two successive stimuli under the following conditions. The curve in 
darkest outline 1097 is that of records obtained with two successive stimuli when the - 
second occurred 0068” after the first and the whole nerve was at 5°C. The curve 
1110 shows the result of warming the part connected with the electrometer contacts 
to 74°C., the first response starts at the same moment but is higher, and a second one 
now appears. The curve 1109 (faint in outline) shows the result of warming the part 
connected with the electrometer contacts to 15°C., the excited part being kept at 4°C. 


In Fig. 11 are shown three sets of deduced curves all plotted on the 
same scale and depicting the analyses of electrometer records. The 
curve 1097 was that obtained when all parts of a nerve were at a tem- 
perature of 5° C.; it is shown in darker outline in the figure and is the 
response of nerve to two stimuli, one occurring at the point marked 


ad 
3 
om 
} 
a 
| 
4 
+ 
y 
| 
| 
¥ 
4 4 
A \ 


ELECTRICAL RESPONSE OF NERVE. 


0”, the second at the point marked 2nd. exc. 1097, that is to say, 0068” 
later. It will be noticed that the continuity of the curve is broken by 
a gap at this point, due to the rapid displacement of the meniscus by 
the escape of the second exciting stimulus; the occurrence of this gap 
does not however affect the result. Is this whole curve the represen-— 
tation of a single electrical change? There is a trace of what might 
conceivably be a second change evoked by the second stimulus 
occurring at 013”, 1.e. 005” after this stimulus. Although we have no 
evidence in all our records of such a period of delay in the response 
to an initial stimulus, it is not certain that the response to a second 
one may not suffer this delay. It is possible that the irregularity 
occurring at this point may be a minimal response, although it not 
infrequently appears in our records of single responses to undoubted 
single stimuli, in which case its significance is related to rate of 
_ propagation, distance between leads, etc. and is probably to be regarded 
as a subsidence irregularity. 
It is instructive to contrast with this the curves 1110 and 1109. 
In the former the extreme distal part of the nerve 10 mm. was 
warmed to 7}°C., the excited part for 25 mm. being at a slightly 
lower temperature than before, 44°C. With a position of the second 
stimulus such that it occurred ‘007” there is an obvious though feeble 
second response. In the latter curve, 1109, the extreme distal part was 
warmed to 15°C. The second excitation occurred at ‘0065” (i.e. earlier 
than those previously used) and the excited part itself was kept at an 
actually lower temperature, 4°C. The second response is now not 
only very obvious but of a magnitude which equals its predecessor, 
and this, although there was every reason to believe that in the 
excited half the second stimulus occurring at ‘0065” in nerve cooled 
to 4°C. must have evoked a barely perceptible second electrical re- 
sponse or none at all. 

It is of course quite conceivable, in spite of the special precautions 
taken, that the localisation of the exciting stimulus to the cooled 
region may not have been as strict as it was thought to be; or it is 
possible that such localisation may be profoundly affected by alterations 
in the temperature of more remote parts. 

These are very possible sources of error in connexion with the 
experiment, and are implied in the criticisms offered by Boruttau. 
At present, however, I am inclined to believe in spite of the great 
difficulties attending the localisation of the stimulus, that the ex- 
periment is, from this point of view, a correct one. I also consider 
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that even if there should be a trace of a second electrical response, 
the fact that propagation can occur under these conditions has to 
be reckoned with by those who regard the electrical change as the 
essential internal stimulus producing the phenomena of nerve trans- 
mission. | 
Experiments of the type just described are very difficult to carry out 

since they involve a conjunction as regards interval between successive 
stimuli, character of nerve, length of leads, temperature, etc., which is 
only hit by what may be called a happy fluke, at least this is my own 
experience. 

It is therefore of considerable interest that the present research on 
the injury response suggests another more certain method of getting 
_ what appears to be additional experimental evidence which bears upon 
the problem now under consideration. | 

It has been pointed out that the propagated electrical response 
appears to be extinguished in a kept nerve when it approaches a region 
4 mm. from the seat of a recent injury; at any rate there is no instru- 
mental effect in the case of our extremely sensitive capillary electro- 
meter, no instrumental evidence of electrical change under a distal 
contact placed at this distance from the injury. Now although the 
presence of the injury response prevents the occurrence of any ap- 
preciable electrical change when the propagated excitatory state 
reaches this region, there is evidence that the excitatory state itself 
can traverse this region. The region within 4 mm. of a recent injury 
is in point of fact a region of high excitability within which an 
extremely weak stimulus can prove efficient. If a fresh section is 
made on the central end of a nerve which has been prepared with its 
attached muscle and kept for some hours before the infliction of the 
injury, then stimulation electrical, mechanical or chemical will arouse 
the muscle, even when this stimulus is carefully restricted to a spot 
less than 4 mm. from the section. There is little doubt that this tract 
of nerve near the injury can be excited; it is capable both of initiating 
and of propagating an excitatory state (nervous impulse) even though 
its electromotive condition renders it incapable of showing that electrical 
concomitant which under normal conditions would have undoubtedly 
accompanied the excitatory state. : 

It will be gathered from the preceding remarks that for the present 
I still hold to the existence of experimental evidence which ean only be 
explained on the assumption that propagated excitatory states may 
occur in nerve under conditions which render their electrical con- 
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comitants imperceptible or extraordinarily small. So far the only con- 
ditions under which this modification of the electrical concomitant 
occurs, are those involving the previous production of electrical states 
of similar type to that which the tissue has to undergo during the 
passage of the nervous impulse. There appear to me to be three con- 
ditions under which electrical states of this type are produced. 
(1) Through a preceding excitatory state having traversed the nerve 
at a certain interval prior to the occurrence of the propagated nervous» 
impulse; the impulse now may be able to pass although its electrical 
concomitant is, in consequence of the change being already present, 
almost imperceptible. (2) Through the production of adequate cathodic 
polarisation by the flow of a galvanic current; a similar state to that of 
the electrical response (electro-positivity) is now produced, and in a 
region so modified the nervous impulse is propagated better, and is 
more readily aroused than in the unaltered nerve, although it may 
have so sthall an electrical concomitant that this is almost in- 
‘appreciable. (3) Through the change produced by a recent local 
injury; the injury response thus evoked extends along the nerve for 
4 mm. from the seat of injury; this portion gives no instrumental 
evidence of a propagated electrical change although this same region 
is hyper-excitable to stimuli starting nervous impulses, and is obviously 
capable of propagating these nervous —— when _ have been 
initiated. 


SUMMARY OF CONCLUSIONS. 


(1) The electrical response of the sciatic nerve of the frog to a 
single stimulus, as determined in the capillary electrometer by the 
potential difference between two surface contacts, is modified as one 
of these approaches the seat of a recent injury. 

(2) This modification is of a “depressant” character and consists 
chiefly in a diminution of the maximum E.M.F. attainable, but there is 
also retardation in the rate, both of development and of subsidence of 
the electrical effect. 

(3) On the proximal side of the region undergoing the above 
“depressant ” modification one of an opposite type sometimes occurs, 
the capacity of the tissue to show the electrical change being thus 
augmented. 

(4) The “depressant” modification, when the distal contact is 
within 4mm. of the seat of the injury, becomes extreme; the pro- 
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pagated electrical response in this region was as incapable of affecting 
the extremely sensitive electrometer used in the present research as it 
was when the distal contact was placed on the actual seat of the injury. 

(5) The “depressant” modification appears to be due to the 
existence of a prolonged “injury response” causing electromotive effects 
which extend for some distance beyond the actual seat of the injury. 
These electromotive changes being of similar sign to those of the 
excitatory propagated response, the latter either cannot display itself at 
all, or can occur to a limited extent only. 

(6) There is no evidence of a second electrical effect of excitatory 
type being able to summate with, and thus to augment the EMF. of a 
state previously evoked by a maximal stimulus. This is the case 
whether the second effect is that normally associated either with a 
propagated response, or an injury response. The presence of a 
preceding injury response thus prevents any further electrical effect 
of the same type, and hence no second electrical response can be 
manifested until the existing change has subsided below its maximal 
limit. 

(7) The incapacity of the nerve to show a propagated electrical 
response within 4 mm. of a recent effective injury, taken in conjunction 
with its known capacity to develop and transmit an excitatory state 
(nervous impulse) throughout this region, forms an additional support 
for the conception, that the electrical concomitant of the nervous 
impulse may, under certain conditions, fail. 

(8) The failure above referred to, although only achieved under 
special conditions, appears to suggest that the absence of any per- 
ceptible electrical response does not necessarily imply the absence of a 
propagated excitatory disturbance. It offers, if valid, grave difficulties 
to all theories of nerve propagation which regard the production of an 
adequate cathodic polarisation by “ action currents” as the essential 
basis for such 
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THE INNERVATION OF THE FROG’S STOMACH. By 
WALTER E. DIXON, M.A.. M.D. (Thirteen Figures in Text.) 


(From the Pharmacological Laboratory, Cambridge.) 


Historical. In recent years plain muscle has been the subject of 
many communications, and a considerable variety of graphic methods 
have been evolved in illustrating its contractions. In the case of cold- 
blooded animals Morgen", Bowditch®, Schultz® and Woodworth 
used ‘stomach rings’ as their method of studying contraction: Barbéra®, 
Glaessner® and others used the stomach asa whole. Bottazzi and 


_.Griinbaum® used the entire cesophagus of the toad, whilst Stiles® 


applied the ring method to this organ. 

The literature of plain muscle may be conveniently divided into 
three groups, (a) that dealing with the spontaneous movements, (6) that 
dealing with direct stimulation of the muscle (mechanical, chemical, 
thermal or electrical), and lastly that dealing with the innervation. 
Although observations on the innervation of the stomach are very 
numerous, only those directly concerned with these experiments will 
be mentioned here. 

Goltz, working with curarised frogs, found that a half per cent. 
solution of salt placed in the mouth was rapidly passed to the stomach, 
but that this was not the case if either the vagi were cut or the 
nervous system destroyed. He concluded from this that the vagi 
contained inhibitory fibres. Langley™ has conclusively shown this 
to be the case with mammals. 

Waters™ noticed that strong stimulation of the third, fourth, fifth 
and sixth nerves in the frog at their exit from the spinal cord led to 
contraction of the cesophagus, stomach, and sometimes of the small 
intestine. 
: Steinach™ described motor effects in the frog’s viscera as a result 

of stimulating posterior roots: according to this writer the esophagus 
is innervated from the second and third spinal nerves and the stomach 
from the third, fourth and fifth, Horton-Smith™ failed to confirm 
Steinach’s results and asserted that all efferent fibres pass to the 
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viscera either by the vagus or the anterior roots, and in the case of 
the stomach and wsophagus the innervation is from the vagus alone. 
Steinach™ in a later communication confirms his previous work. In 
the same communication he asserts that the medulla contains inhibitory — 
and excitatory fibres for the cesophagus and stomach, the impulses 
being transmitted through the vagi. 
Structure. The muscular coat of the frog’s stomach according to 
-Ranvier™ consists entirely of circular fibres which are the active 
agent in producing contraction and not the muscularis mucose. Other 
observers, Morgen”, Winkler™, Schultz® and Griitzner™ have 
discussed at length the question of longitudinal fibres. Without 
entering into this discussion it can be readily demonstrated that such 
longitudinal fibres as may be present are of an insignificant character: 
if longitudinal strips of the stomach are prepared and arranged so as to 
f pull on a horizontal lever, then stimulating such preparations with the — 
| faradic current or applying to them a stimulating solution, such as 
1°/, digitalin, produces practically no result. Grtitzner has con-. 
| ¢lusively shown however that a fine band of longitudinal fibres 
usually to be found in the inner curvature, whilst a few fibres are also 
demonstrable at the pyloric and cardiac ends, prolonged apparently 
from the duodenum and csophagus respectively. In the following 
experiments it may be assumed therefore that circular fibres alone are 
being dealt with: it should be noted however that these tend to form 
a meshwork with one another, the angles always becoming greater 
towards the pylorus, so that the ‘ring preparations’ do not — 
represent parallel fibres. 

Method. The principle adopted for recording the movements, has — 
been to fill the stomach with water or normal saline solution at a 
small pressure, and to register the alterations in its internal capacity. 
The same principle has been previously used by Barbéra® and 
Glaessner®, In all experiments the brain and cord were completely 
destroyed, and two or three times the cord was removed, so that the 
question of reflex effect need not be considered. The animals were 
curarised when necessary by injection into the dorsal lymph-sac. If 
atropine were employed, 0°01 grm. of the sulphate was injected sub- 
cutaneously one or two hours before the experiment, and the animal 
was considered under the influence of the drug when the skin was 
quite dry. The frogs were of medium size and freshly caught in 
2 summer and autumn; the summer animals gave on the whole the most 
satisfactory results; spring animals, which Schultz says are quite 
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unsuitable for experiments on plain muscle, were not tried. The use 
of starved animals as recommended by Glaessner and others gave 
distinctly inferior results to normal animals, and frogs kept in anand 
for two months I found to be quite useless. 

The colom was well. opened in the medium line, the vietmune 
removed and a ligature passed round the pylorus; this was generally 
tied at once, but in the earlier experiments a cannula was inserted into 
the stomach from the duodenum and made tight. A free incision was 
now made into the esophagus; the stomach was grasped gently and its 
contents forced out through the cesophageal opening ; in this manipu- 
lation absorbent wool, moistened with Ringer’s solution, was the 
medium by which the pressure was applied. This operation does no 
harm to the stomach, and frequently the best results were obtained 
with those stomachs which were found filled with food. A short 


Pe eleetvodes 


Fig. 1. Represents the form of electrodes commonly used. 


straight cannula with a long neck was now inserted through the 
cesophageal opening and tied in the stomach. Sometimes the cannula 
was inserted from the mouth, but this method was not generally 
employed. The cannula was connected by rubber tubing to the lower. 
part of an upright glass tube, which was capable of being readily raised 
or lowered, the upper part of which was connected to a T-piece and so 
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to a recording tambour. The glass tube was about half-filled with 
salt solution, and hence the stomach movements were communicated 
through the water manometer to the tambour. The water pressure 
giving the best results varies considerably in different animals. The 
pressure generally employed varied between 10 and 20cms.: it was 
frequently necessary however to begin with rather a high pressure, 
which was reduced later if necessary. 

Care should be taken that no air gets into the stomach and that it 
is completely emptied before the cannula is tied in, otherwise it is very 
apt to block. If the cannula is tied too high the cardiac orifice may 
become tightly constricted, preventing the inflow of fluid, and if too 
low, so that the ligature grips the stomach fibres, the results are 
impaired. 

Drying was prevented by allowing Ringer's solution to drop regu- 
larly and slowly on the surface. The experiments were performed in a 
room the tentperature of which varied between 15° and 17°C. 


SPONTANEOUS MOVEMENTS. 


-- In the large majority of experiments well-defined spontaneous 
movements are present, and in those cases where the stomach is 
quiescent these may readily be brought out by stimulating the fourth 
ramus, the vagus, applying any stimulating solution to the stomach, or 
sometimes even by suddenly altering the pressure of the fluid in the 
manometer. These rhythmical movements have been described in 
practically all forms of involuntary muscle since Engelmann in 
1869 drew attention to them in the rabbit’s ureter. In the frog’s 
stomach, recording as already described, the registered movements 
differ in no essential respect from descriptions published by other 
_ observers, except perhaps they exhibit a greater regularity than is 
found with the ‘ring preparations.’ 

A single ‘wave’ shows a phase of contraction which commences 
slowly but rapidly accelerates, a short period of complete contraction, 
followed by a more lengthy phase of relaxation, which begins sharply 
and gradually tails off. The phase of relaxation is always longer than 
that.of contraction. These waves are very slow, generally less than one 
per minute, and are usually produced by the contraction and relaxation 
of localised rings of the stomach muscle. The rings generally show 
little tendency to spread, but when relaxation of one ring is complete a 
fresh contraction ring in another part of the stomach appears, and thus 
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the recorded waves are the result of a series of disconnected ring 
contractions. Rarely the contraction rings move in a peristaltic-like 
manner, but when this does occur the direction is usually from the 
pyloric to the cardiac end of the stomach. Sometimes the stomach, 
especially when it is well distended, contracts and expands as a whole, 
in which case the movements are hardly perceptible to the naked eye, 
but are well shown up graphically. 

The origin of automatic movements in plain muscle has been a 
subject of considerable debate. Engelmann, Sertoli, Bottazzi, and 
Straub have ascribed them as purely muscular, whilst Ranvier, 
Morgen, Schultz, and Barbéra have contended that they originate 
in nerve cells, An attempt to solve the question was made in a 
number of experiments in which the stomachs were treated with 
cocaine or nicotine. Cocaine as a }4°/, solution in normal saline was 
first employed in the manometer tube instead of simple saline solution, 
but im the majority of cases this failed to completely paralyse the 
nervous mechanism so that a solution of 0°05°/, or 0°1°/, was also 
applied externally; by this means complete paralysis of the nerve 
elements could be obtained as shown by the fact that excitation of the 
fourth ramus or vagus nerves gave no response, and the direct applica- 
tion of 1°/, pilocarpine failed to elicit any contraction. Such a stomach 
still shows spontaneous movements, but these differ somewhat from the 
normal ones in that they are not so well pronounced and have no 
regular sequence (Fig. 2)'. Nicotine solutions used in the manometer 


Fig. 2. Shows ‘ wave production’ in a stomach the nerve elements of which 
have been paralysed with cocaine. Time 1 cm.=}4 minute. 


tube also fail to paralyse the nervous mechanism, but the outward 
application of a 0°3°/, solution of nicotine produces in a short time 
complete paralysis, The automatic movements obtained by this treat- 
ment with nicotine resemble those of the cocaine stomach. 


1 All tracings should be read from left to right. 
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That the muscle itself is uninjured by this treatment is evident 
from the fact that 0°1°/, solution of BaCl, still gives the typical con- 
traction. These automatic movements are therefore probably myogenic 
in origin. 

That waves are however largely influenced by the nervous system 
is easily demonstrable. If they are completely absent a weak stimula- 
tion of the fourth ramus produces a regular sequence such as is shown 


_ in Fig. 3, and if they are ill-defined and irregular they are augmented 


Fig. 3. Wave production neurogenic in origin. Time=minutes. 


and made more regular. The progress of a regular sequence of waves, 
produced either in this manner or by the direct application of a little 
dilute pilocarpine solution to the stomach, can be destroyed by painting 
with a 0'1°%/, solution of cocaine. From this it would appear that 
although spontaneous movements may occur in the absence of a local 
nerve mechanism, any regular sequence of movements is probably the 
direct outcome of nerve activity. In experiments where cocaine is 
employed it should be remembered that this drug is a general proto- 
plasmic poison with some selective action for nerve tissue, and if too 
strong a solution is employed the muscle fibres will be affected. Thus 
1°/, cocaine solution applied directly to the stomach is generally — 
sufficient to eliminate all movements, and in a short time will even 
destroy the muscle fibres, as shown by the inability of barium to pro- 
duce a contraction. 


EFFECT OF STIMULATING THE SYMPATHETIC. 


Curari and atropine were occasionally employed but neither drug 
in any way modified the effects of stimulation. Battelli™ however 
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has stated that atropine paralyses these fibres in mammalia, but his 
results when stimulating the splanchnic were not sufficiently constant 
to warrant this — which is in opposition to that of other 
observers. 

To prevent current escape electrodes were employed on the principle 
of those of Werigo and fashioned out of platinum wire and sealing- 
_ wax. These will be sufficiently explained by a reference to Fig. 1. An 
ordinary Du Bois Reymond’s coil was employed, worked by a single dry 
cell: with the electrodes on the tongue the secondary current could 
just be felt when the coil was at 15cms. Mechanical and chemical 
stimulation of nerves failed to give good results. 

The sympathetic was well isolated between the first spinal nerve 
and the trunk of the vagus, and stimulated in this Position, but such 
excitation produced practically no effect on the stomach: in two cases 
only a very slight increase of tonus occurred, of such an insignificant 
nature as to be within the limits of experimental error: it may therefore 
be assumed that no fibres from the sympathetic reach the stomach 
through the vago-sympathetic. 

The rami communicantes of the spinal nerves were then stimulated, 
from above downwards, To reach these the viscera were gently moved 
well over to the animal’s left side, the liver, ovary, and oviducts being 
carefully removed. The peritoneum on the posterior body wall was then 
incised and cut away and the rami placed on the electrodes near the 
spinal column. Moderate faradic stimulation of the third, fourth and 
fifth gave rise to an increase of tonus and the production of well-defined 
waves (Fig. 4). The fourth ramus always produced the maximum effect. 
There is a latent period of about eight seconds, followed by a contraction — 
beginning slowly but rapidly accelerating, which may either reach its 
maximum at once, or after one or more small relaxations, the height of 
contraction being roughly proportional to the intensity of the stimulation. 
An excitation lasting for about 30 seconds produces an increase of 
tonus which continues above the normal usually for 5 or 6 minutes. 
Relaxation (tonic) is very gradual and is accompanied by well-defined 
contraction rings: exaggeration of these rings is an almost invariable 
adjunct of alteration in tonus (Fig. 2). The results of stimulation of 
the third and fifth rami vary a good deal in different animals, and 
although moderate stimulation nearly always gives some effect (wave 
production), it sometimes gives no increased tonus. Stimulation of the 
fifth rami generally produces a greater motor effect than stimulation of 
the third. The effect of excitation of the-fourth ramus is wonderfully 
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constant, and in 80 or 40 experiments with freshly caught animals 
I have had no negative results. 


Fig. 4. Reduced by one-third. Stimulation applied during the period marked 
by the crosses. Time 1 cm.=} minute. 


The main factor to notice in these experiments is the increase of 
tonus, superadded to which are the lesser contractions and relaxations 
giving rise to the waves. It must be remembered however that the — 
graphic representation of these waves depends upon the amount of fluid 
which can be forced from the stomach by any one contraction, and hence 
they are more likely to be shown up when the tonic contraction is small, 
rather than large, in which case the internal capacity of the stomach is 
almost obliterated, for example, they are better shown in Fig. 4 after 
stimulating the third than the fourth ramus. The strength of current 
necessary to produce these effects varies considerably in different frogs. 
Sometimes a faradic current with the secondary coil at 15 will give a 
very marked effect, as in Fig. 4, whilst at other times a more prolonged 
stimulation with the coil at 10 or 12 cm. may be necessary to get 
the same effect (Fig. 2). In the earlier experiments the rami on both 
sides. were stimulated, and as they invariably produced similar effects 
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stimulation was confined in the later experiments usually to the right 
rami on account of their easier dissection. 

Fatigue sets in early in these preparations when stimulating the 
sympathetic, and subsequent excitation applied to the fourth ramus of a 
nerve-stomach preparation already fatigued produces after the usual 
latent period a very short contraction, and the normal tonus is rapidly 
reached again whilst the stimulus still continues (Fig. 5). Further 


Fig. 5. Fatigue effect. Shows the effect of a long stimulation of a fatigued 
preparation. Time 1 cm.=4 minute. 


stimalnlial after an interval produce progressively diminishing effects. 
The stomach fibres still respond normally to direct excttation: 


EFFECT OF STIMULATING THE VAGUS. 


The graphic effects produced on stimulating the vagus nerve do not 
exhibit quite the same constancy which obtains on stimulating the 
sympathetic, but this lack of constancy is apparent rather than real and 
is the result of slight alterations in the conditions. In experiments 
with the vagus the heart was usually excised. Atropine, administered 
in the fashion already described, does not paralyse the peripheral ends 
of the vagus in the stomach. Curari was employer | in about half the 
experiments, 

The electrodes were placed in three positions, on (a) the common 
vago-sympathetic, (b) the intracranial roots, (c) that portion of the 
medulla containing the vagus nucleus; in the latter case the cerebral 
hemispheres were destroyed by pliers, leaving the medulla uninjured. 
Stimulation in all these positions gave similar results, and as it has been 
shown already that the sympathetic nerve in the neck contains no fibres 
for the muscular walls of the stomach, most of the following observations 
were obtained by stimulating the vago-sympathetic nerve. 

PH, XXVIII. 5 
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When analysing results it is even more important in vagal than in 
sympathetic excitation to take into consideration the previous condition 
of the stomach. The normal tonicity, which is a very variable factor in 
different frogs, the manometer pressure, the state of auto-contraction 
are all conditions which may considerably modify the results of vagal 
excitation. When the tonus is moderately high, so that the internal 


volume of the stomach is comparatively small, the usual effect of 


stimulation is to produce a diminution in tonus (Fig. 6). This does 


Fig. 6. Shows typical effect of stimulating the left vagus. Coil at 10 cms. 
Time 1 cm.=} minute, 


not begin until after a latent period considerably longer than that of 
sympathetic stimulation, and is commonly half a minute; as the tonus 


_ diminishes, the usual course of events is an initial short period without | 


waves, followed by a period of much augmented waves, so that a stomach 
which before stimulation shows very slight or no automatic movements, 


Fig. 7. Effect of stimulating the right vagus when the wave production is well developed 
at the start. One normal wave only is shown. Coil at 12 cms. Time 1 cm.= 
4 minute. | 

afterwards is in a condition of well-marked ring contraction, although 

the tonus is less. This effect can often be well shown in those cases 

where the tonus is initially low by first. producing an artificial increase 

by stimulating the fourth ramus; when the tonus is constant, stimulation 
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of the vagus will produce the effect just described, except that the 
increased ‘nervous waves’ as the result of sympathetic excitation are 
commonly diminished in amplitude (Fig. 7). 

When the tonus is feeble, however, te. where the stomach is 
considerably distended with a small manometer pressure, an apparently 
different result may occur on stimulation; after a lengthy latent period 
_ relaxation begins as before, goon followed by a marked ring contraction 
which rapidly relaxes till the normal tonus is reached again. This — 
contraction, which is sometimes extremely well marked as shown in 
Fig. 8, is never tonic but marks the first of a series of well-defined waves. 


Fig. 8. Reduced by one-third. Stomach recording regular coutractions, one only being 
shown. During the period marked A the left vagus was stimulated with the secondary 
coil at 5 ems. During the period B the sppanenain was stimulated with the same 
strength of current. Time =seconds. 


In this case there is practically no alteration in the registered tonus. 
In Fig. 8 another point of some importance is brought out. The large 
contraction on vagal stimulation there shown was the result of a ring 
contraction which showed a tendency to spread from the pyloric to the 
cardiac end of the stomach, and the curve is therefore represented as a 
gradual rise and fall. With the sympathetic stimulation, however, 
which is also shown in the same figure, there was a rapid tonic 
contraction of the stomach which registered itself as a steep curve, and 
the increase of tonus was permanent. Lastly, this augmented wave 
production has occurred not infrequently without any primary fall of 
tonus as registered by the graphic method, but in these cases the initial 
tonus was always low. Exaggerated waves of this description are shown 
in Fig. 9,in which the stomach was much distended with a low manometer 
pressure and practically motionless before the stimulation. 

As in the case of the heart, strong stimulation of one vagus may 
give negative results whilst moderate stimulation of the other may be 
sufficient to produce a decided effect. The left vagus usually produces 
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68 DIXON. 
a greater effect than the right. In a few cases stimulation gave 
negative results, but in no case was an increase of tonus observed. 


There can be no doubt from these results that the vagi contain tonic 
inhibitory fibres to the stomach muscle. 


Fig. 9. Reduced by one-third. Stomach with very little tonus, that is considerably dilated, 
and exhibiting no movements before excitation. Shows effect of stimulating left 
vagus. Coil at 10 cms. Manometer pressure=11 cms, Time = seconds. 


Previous writers are in agreement that stimulation of the vagus 
results in “peristaltic movements,” and so far my observations agree 
with these, but as their results were observed entirely with the naked 
eye, without the assistance of a graphic method, the simultaneous 


diminution of tonus was not properly appreciated. If the vagus - 


contains motor fibres it is quite obvious that they are of a kind 
altogether different from those contained in the sympathetic, in ‘that 
they never increase tonus. 

Similar augmentation of intensity of the contraction rings which 
obtain on vagal stimulation may be induced either by stimulating the 
sympathetic electrically, by the application to the stomach of certain 
drugs which act on nerve tissue, or by merely painting the sympathetic 
ganglia with nicotine. It appears therefore that any alteration in the 
local nerve mechanism in the stomach produces alteration in the 
automatic contractions. It may also be noted that suddenly increasing 
or diminishing the manometer pressure, thereby giving rise to an 
increased or diminished internal stomach capacity respectively, often 
induces augmented movements, but it is probable that these are 
myogenic, in that I have seen them in the cocainised stomach. 

The vagus therefore must be regarded as a direct inhibitory nerve 
to muscle fibre; its excitation electrically also gives rise to an increase 
of force of the normal contraction rings or when these are absent it 
may call them into existence. 3 
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‘THE ACTION OF NICOTINE ON THE SYMPATHETIC GANGLIA. 


Langley ™ has shown recently that the application of nicotine to the 
sympathetic ganglia in the cat produces initial stimulation of the nerve- 
cells; the evidence as to the point of action in the subsequent paralysis 
being incomplete. In order to see if such application produced any effect 
in the frog, the fourth sympathetic and cceliac ganglia, the fourth rami, 
and the splanchnic nerve were isolated in a well-pithed animal. The 
administration of curari did not in any way modify the results. 

An initial stimulation of the fourth ramus and the splanchnic 
was recorded, and each being found to produce on stimulation tonic 
contraction of the involuntary muscle of the stomach, the cceliac 
ganglion was carefully painted with a 0°1°/, solution nicotine in normal 
saline (Fig.10). It is convenient for this purpose to arrange the stomach 
as far as possible on the animal's left, cutting through any unimportant 
structures which aid in the arrangement. It is difficult however to 
avoid some nicotine reaching the fourth ganglion and some nerve fibres. 
Such an application commonly results in an immediate partial inhibition 
of automatic movements for about two minutes, followed by one or more 
greatly augmented ring contractions; these quickly pass off and the 
normal condition of affairs is reached in a few minutes: less commonly 
there is an increase of tonus lasting 2 or 3 minutes. Subsequent 
stimulation of the fourth ramus produces either a slightly diminished 
or @ normal contraction, and paralysis is never seen. If the same 
ganglia are painted with a 1°/, solution of nicotine the same stimulating 
effect is seen as before except that after a short time stimulation of the 
fourth rami produces no effect whilst excitation of the post-ganglionic 
fibres still give rise to contraction. This effect I was at first inclined 
to regard as evidence of paralysis of the ganglia, but Professor Langley 
suggested that the result was more probably due to a direct action on 
nerve fibre in the absence of an active blood supply, and the fact that 
“a considerable time is required, sometimes 10 minutes, before the | 
paralysis is complete, and that more dilute solutions produce only the 
stimulation stage, seem to suggest that this is the true explanation. 
By the injection of nicotine directly into the circulation I have been — 
unable to produce complete paralysis. | 

The effect of immersing the stomach in dilute solutions of nicotine 
has been already discussed; 0°1°/, solution will not produce a block to 
sympathetic excitation in 10 minutes but 0°3 or 0°4°/, soon leads to 
complete paralysis, as shown by the negative results obtained on 
stimulating either the fourth rami or fibres past the coeliac ganglion, 
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ACTION OF DRUGS. 


_ The action of drugs on plain muscle and its automatic contractions 
has been already described by many observers so that reference to very 
few will be made here. The method usually adopted by investigators 
has been the simple one of dropping solutions of the drug dissolved in 
Ringer’s fluid directly on the preparation. Glaessner has however 
compared the effect of various drugs on the frog’s stomach when applied 
externally and when placed in the interior of the stomach, and has 
obtained results varying according to the method of application. 

In these experiments two methods have been principally adopted ; 
first injecting the drug directly into the circulation, and secondly by 
immersing the whole preparation in a bath of fluid which can be 
gradually changed to the fluid containing the drug. In the former 
method a small burette without a stopcock was fitted by fine india- 
rubber tubing to a special cannula with a very small nozzle. The 
apparatus is filled with the fluid to be injected, which is kept in the 


Fig. 10. Shows the effect of painting the celiac ganglion with 0-1°/, nicotine solution at 
the point marked by the arrow. Before painting the automatic contractions were 
represented by waves similar to that shown on the left of ons There was no 
subsequent paralysis. Time 1 cm,=1 min, 


cannula by bull-dogs placed on the rubber tubing. One of the hepatic — 
veins is next dissected out and the cannula tied in. It is evident that 
on removing the bull-dogs some of the fluid in the burette will find its 
way into the heart and thus by the general circulation to the stomach. 
By this method it is possible to simultaneously observe the contractions 


- of the heart and the movements of the stomach. 


It is necessary that all drugs in solution should be very dilute when 
applied externally to the stomach, otherwise “salt-action” may com- 
plicate the results. For example if a 3°/, solution of NaCl or KBr, is 
applied to the stomach externally, marked tonic contraction is produced, 
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but the effect is different if the salts are injected directly into the 
circulation, or placed in the interior of the stomach. Again, many 
drugs, for example, urethane and the acids, which in small amounts 
produce gradual relaxation of involuntary muscle, give rise to the 
opposite effect, viz. tonic contraction when applied in a more con- 
centrated solution externully. It is important therefore to have the 
solution containing the drug to be experimented with as — as 
possible isotonic. 

Lactic acid has the same effect on the stomach that it has. on 
plain muscle in other parts of the body and on the heart. Very small 
amounts such as 1 in 10,000 are frequently sufficient to check automatic 
waves and produce considerable relaxation in from 15 to 30 minutes. 
Stronger solutions produce the same effect more rapidly. If a much 
stronger solution (1 in 500 and upwards) is applied directly to the 
exterior of a fresh stomach a different result is produced ; there is now 
a rapid increase of tonus usually without any wave production which is 
followed by a very gradual relaxation (Fig. 11). These stronger solutions 


Fig. 11. Shows the action of lactic acid when applied to the stomach externally. The 
acid was applied at the arrows. A shows the diminution in tonus and cessation of 
movements as the result of a dilute solution. B shows the increased tonus produced 
by stronger solutions. Time=4 minute. 


added however to a stomach, already undergoing relaxation as the result 
of an earlier application of a more dilute solution of the acid, augment 
the relaxation. This difference of result, according to the strength of 
the solution employed, applies also to many other bodies, 

Pilocarpine applied externally (1 in 5000) increases the amplitude 
of the waves, but has little effect on tonus. Injected into the hepatic 
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vein as a 4°/, solution pilocarpine both increases the tonus and augments 
the waves, The effect quickly passes off and a diminution of tonus 
ultimately results (Fig. 12). If a solution of 1 in 500 is applied 


Fig. 12.: Reduced by one-third. Action of pilocarpine nitrate on the stomach. The upper 

tracing represents the effect when the drug is applied externally. The lower tracing 

_ shows the result of injecting a few drops of a 4°/, solution in the hepatic vein. Time, 
upper tracing 1cm.=1 minute. Lower tracing 1 cm.=4 minute. 


externally a rapid increase of tonus ensues superadded to which are 
a series of prominent waves. 

If pilocarpine is applied to a stomach the nervous mechanism of 
which has been paralysed in the manner already described by the 
application of either nicotine or cocaine, a different result is obtained. 
Instead of contraction, relaxation is now quickly but gradually produced, 
and usually extends over some two or three minutes. The application 
of normal saline solution does not produce this effect. It is probable. 
therefore that this substance has a double effect, (a) stimulation of the 


local nervous mechanism producing increase of tonus and augmentation 


of waves, and (6) a direct action on plain muscle resulting in relaxation. 

Atropine. Frogs atropinised in the manner already described 
exhibit a normal condition of stomach both as regards the waves and 
tonus, also the peripheral nerves (vagus and sympathetic) are not 
paralysed. A solution of atropine, 1 in 5000, applied externally to the 
stomach produces no effect. A solution of 1 in 250 of the alkaloid 
rapidly kills the irritability of the muscle, so that, a short time after 
such an application, stimulating solutions produce no effect. A }°/, 
solution applied directly to a normal stomach produces rapid relaxation, 
but a similar solution applied to the muscle in tonic contraction from 
the use of pilocarpine, barium or any other drug produces no immediate 
result, 3 

Barium may be taken as a representative of a large group of 
drugs which act directly on the muscle fibre. They produce their 
effect equally well on the atropinised frog as on the non-atropinised, and 


« 
+ 
vif 
Ng : 
4 
= 
a 
4 
4 
‘ 
> 
| 
; 
a 
{ 
2 
; 
= 
f 
? 
| 
i 
| 
| 
j 
7 
} 
4 
| 
a 
4 
‘ 


NERVES .OF FROGS. STOMACH. ge 


also when the nervous tissue has been completely paralysed by the 
direct application of cocaine or nicotine to the stomach. If a few drops 
of a solution of barium chloride are injected into the circulation there — 
is a considerable latent period before any effect is observed on the 
stomach. During this period however the heart shows the effect of the 
barium ; it first accelerates, but soon slows again to the normal rate, and 
subsequently tonic contraction of the ventricle results (Fig. 13). The 


ae 


Fig. 18. Upper tracing represents the frog’s heart recording by the suspension method. 
Lower tracing represents the stomach movements. Shows the effect of injecting a 
few drops of a solution of barium chloride into the hepatic vein. The cross marks 
the point of injection. Time = seconds. | 


- tonus of the stomach is considerably increased and waves are brought 
out. The external use of barium on the stomach results in very similar 
effects. 

Strychnine applied directly to the stomach in amounts from 1 in 
15,000 upwards increases the amplitude of the waves. Stronger 
solutions such as 1 in 5000 also produce an increase of tonus. 

Colchicine has practically no action, but oxdicolchicine gives rise 
_ to marked tonic contraction. Jacoby has shown that the action of 
both these alkaloids is the same on mammalian plain muscle. 

Suprarenal extract increases the tonus and exaggerates the waves. _ 
The effects are well shown on injection. If applied to a stomach 
paralysed with cocaine or nicotine relaxation results, of even a more 
decided character than with pilocarpine. 

Nicotine. One in 10,000 stimulates the contractions and in larger 
amounts increases the tonus. When it is injected into the hepatic vein 
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as & 0°2 or 03°/, solution it markedly augments the automatic move- 
ments without affecting tonus. 

Sodiwm Hydrate in such minute — as 1 in 20,000 
stimulates the contractions. 


CONCLUSIONS. 


1. In all experiments dealing with the frog’s stomach two factors 
must be considered, (a) the tonus, (b) the spontaneous movements. 

2. The automatic movements as recorded by this method consist — 
generally of localised contraction rings which do not travel. The 

larger and more regular movements, especially those produced as a 

result of sympathetic excitation or the application of stimulating 

solutions, such as pilocarpine and suprarenal extract, are neurogenic 
in origin. 

3. Paralysis of the nerve elements of the stomach with cocaine or 
nicotine does not eliminate the ordinary slow and very irregular move- 
ments which are therefore myogenic, 

4. Stimulation of the rami communicantes of the fourth spinal 
nerves produces tonic contraction together with augmented and more 
regular automatic contractions. A similar but smaller effect is obtained 
on stimulating the third and fifth rami. This corresponds to the origin | 
from the spinal nerves described by Waters and Steinach. 5 

5. The vagus contains inhibitory fibres to tonus. Excitation of 
the vagus also commonly results in augmented automatic movements. 
Increase of tonus is never observed. 

6. Nicotine 0°1°/, applied to the coeliac and fourth sympathetic 
ganglia produces an initial stimulation as shown by the augmentation 
of the automatic contractions and sometimes by increase of tonus: it is 
not followed by paralysis. 

7. By the use of the method here described drugs may be injected 
into the circulation. Effects on the stomach so obtained are not always 
the same as those produced by the direct external application of 
the drug. 

8. Pilocarpine and suprarenal extract produce increased tonus and 
wave production on direct application, but give rise to immediate 
relaxation in a stomach the nerve mechanism of which has been. - 
paralysed by cocaine or nicotine. 

9. Frogs which have been kept in confinement for more than a 
month are useless for innervation experiments. 
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SOME EXPERIMENTS ON THE FUNCTIONS OF THE 
MEDULLA OF THE KIDNEY. By FRANCIS D. 
BOYD, M.D., F.R.C.P. (Edinb.), Assistant Physician to the Royal 
Infirmary, Edinburgh ; Payriovan to the Deaconess Hospital, 
Edinburgh. 


(From the Laboratory of the Royal College of Physicians, Edinburgh.) 


Mucu work and ingenuity has been expended to elucidate the com- 
plicated action of the kidneys in the secretion of normal urine. Two 
theories still hold the field—the theory of Bowman, and the ‘theory 
of Ludwig. 

Much experimental evidence has been advanced for and against 
Ludwig’s theory; much has been found on further observation to be 
unreliable or inconclusive. Nussbaum’ seemed at one time to have 
_ advanced evidence which appeared to have decided the question, but 
the work of Adami’ has shown that Nussbaum’s conclusions are 
untrustworthy notwithstanding the care and ingenuity expended. 

There still remain Ribbert’s* observations, which have neither 
been confirmed nor disproved. The experiments form a grave obstacle 
to. the final rejection of Ludwig’s mechanical theory. Ribbert’s — 
experiments are a bold attempt to separate the functions of the cortex 
and medulla of the kidney, and he considered that from the results 
obtained he was justified in saying that re-absorption of fluid took - 
place in the tubules of the medulla. The animals used were rabbits. 
The kidney on one side was exposed. The vessels clamped and the 
organ cut across with a transverse incision, the incision extending into 
the pelvis. A gouge was then inserted at the angle of the wound and 
the medulla of the organ cut away, the cortex being left. The wound 
in the kidney was then closed with deep sutures. The other kidney 
was excised, and the bladder emptied. There was some hemorrhage 
from the damaged kidney, but in 4 to 5 hours clear urine was 


1 Archiv f. d. ges. Physiol. xvut. § 580. 1878. 
2 This Journal, v1. p. 382. 1885. 
3 Virchow’s Archiv, xc. § 169. 1883. 
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evacuated. Control experiments were performed by clamping, incising 
and stitching the kidney without excising the medulla. The animals 
(twelve) in whom the medulla was removed died in 48 to 60 hours. 
The control animals lived about two weeks. In all the animals the 
results were the same—the animals in which the medulla had been — 
excised excreted a decidedly more dilute urine than the control animals. 
The amount of urine excreted by the animals without the medulla 
was markedly increased as compared with normal animals. Thus in 
24 hours 80c.c; in experimental animal, 40 in normal, in other two 
cases the proportion was 57 to 17 and 120 to 64 A relatively 
quantitative estimation of different substances in the urine of the 
experimental and of the control animals is given. 

Relatively uric acid, sulphates, phosphates and chlorides are found 
increased (two to three times) in the experimental animals. There 
was only a trace of albumin in the urine of the experimental animals, 
_ showing that the fluid did not contain a large proportion of lymph 
exuded from the cut surface of the kidney. Ribbert’s experiments 
must be held to be extremely unsatisfactory and unconvincing. No 
sufficient details are given of the experiments or of the animals. The 
urinary analysis is unsatisfactory, for no details are given of the 
quantitative methods employed, and the author himself admits that the 
estimates are approximate. The experiments are of such importance 
that it has appeared desirable to repeat them with a view to testing 
their accuracy. 

The following experiments were made upon rabbits. The animals 
were weighed at intervals of two to three days. They were fed 
upon cabbage, each receiving 500 grammes per diem: if any cabbage 
remained at the end of the 24 hours it was weighed. It was then a 
simple matter to estimate the intake of water, nitrogen, &c. The urine 
was collected, measured in c.c., the specific gravity taken, the total 
solids estimated by Trapp’s method, the nitrogen of the food and urine 
by Kjeldahl’s method, and the chlorides as NaCl by titration with 
silver nitrate solution. : 

The animal was kept for a period on a known diet, at the end of the — 
period the medulla the left kidney was excised. During the second 
period the animal had thus one healthy kidney (the right) and the 
cortex of the left kidney. At the end of the second period the right 
kidney was excised. After death, which took place as a rule a few 
days after the second operation, the animal’s body was examined and 

apie, sections made of the remaining kidney. 
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“The excision of the medulla of the kidney was carried out under 
anesthesia and with the usual aseptic precautions. An incision was 


made from the tip of the 11th rib downwards and outwards and the 


kidney exposed extraperitoneally. The vessels passing into the hilus 
were grasped between the fingers of an assistant and hemorrhage thus 
controlled. The kidney was then incised longitudinally into the pelvis. 
With a knife an incision was made between the cortex and the medulla 
and sharp scissors used to remove the medulla. A gouge was tried but 
proved quite useless from the nature of the medullary tissue in the 
rabbit’s kidney. The cut surface of the kidney was swabbed with 
Wright's styptic, which appeared to have an appreciable influence in 
checking hemorrhage. The cut surfaces of the kidney were then 
brought together with deep sutures, the organ replaced, and the 
superficial wound sutured. There was but little hemorrhage. For 
a varying period of days the urine remained blood-stained. The 
animals recovered well from the operation, taking food freely within 
an hour or two. 


Exp. I. Large white rabbit.—Died from anesthetic during second 


: operation. After the first operation the urine remained blood-stained for 


two days, during which time no analyses were made. 
The Table shows the analysis during the first and second periods. 


This experiment proves of course nothing save that it is possible to 
excise a considerable part of the medulla of one kidney without fatal 
results. On microscopic examination it was found that the excision 


had not been complete. 


The figures show that the average intake of water by the food for 
the period of five days before operation was in proportion to the output 
by the urine as 1:08 is to 1; after operation, as 1°68 is to 1; giving 
a slight proportional increase after operation, The nitrogen of the 


food and nitrogen of the urine were, before operation, in the relation of 


2:13: 1; after operation, 2:1. There was thus a slight proportional 
increase in the excretion of urine with a slightly diminished proportional 
excretion of nitrogen. Notwithstanding the diminished excretion of 
nitrogen the animal taking less food steadily lost weight after the first 
operation ; before operation, the weight was 2170 grammes; at the time 
of the second operation it had fallen to 1950 grammes. | 

Exp. II. Large black-and-white rabbit.—The first period represents the 


healthy animal on a known diet. At the end of the period the medulla of 
the right kidney was removed. After three days the urine was free from 
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blood and the analyses were continued. After five days the healthy kidney 
was removed. The following day the animal appeared well but no urine was 
‘passed. On the 11th experimental day 80 .c. clear urine were passed. On 
the 15th day the animal died. During the first period the animal gained 
weight, but after the first operation there was progressive loss. 


The figures show the relation of intake of water by the food to 
output by the urine. 


First period ............ 
Second period ......... 
Third period ............ 
nitrogen quotient gives 
First period ............ 
Second period ......... 


Microscopic examination of the remains of the kidney showed that 
the removal of the medulla had not been altogether oe A large 
infarction was present. 


Exp. III. Large white rabbit.—Three periods as in second experiment. 
After excision of the medulla the animal rapidly recovered, the urine 
becoming clear in two days. The animal died on the seventh day after the 
second operation. At the beginning of the experiment the animal's weight 
was 1945 grammes; at the time of death, 1355 grammes. There was some 
edema of the subcutaneous tissues. The bladder was full of urine. The 
kidney showed a large infarction. Microscopic sections of the organ showed 
that while a large part of the medulla had ‘been removed, the operation had 
not been absolutely complete. 


The figures show: 
Proportion of intake of water to output: 


First period ............ 1:19: 1 

Second period ......... | 

Third period ...:........ 1:34: 1 
Nitrogen quotient : 

First period ............ 1:94: 1 

Second period ......... 19 :1 

Third period ............ 105: 1 


Exp. IV. Large blaek-and-white rabbit.—After the first period the 
medulla of the Kidney was removed, the operation being very complete. 
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‘The animal recovered well from the operation. After the second period the 


healthy kidney was removed. After the second operation the animal appeared 
ill. There was anorexia and complete suppression of urine. The animal 
died after three days. 

Post-mortem.—There was cdema of the extremities and some ascites. 
There was no urine in the bladder. The right kidney was represented by a 
mass of necrotic tissue with no trace of kidney substance. 


Expr. V. Large grey-and-white rabbit. Proceedings as in former experi- 
ments. The animal died two days after the second operation with suppression 
of urine. _. 

Post-mortem. There was no urine in the bladder. The remains of the 
right kidney showed an enormous infarct or necrotic area, including the 
greater part of the cortex left after removal of the medulla. 


CONCLUSIONS. 


_ Of these experiments the first three show that even with the 
greatest care the excision of the whole. medulla of the kidney in the 
rabbit is not easily accomplished; while the last two show that if 
complete excision of the medulla is accomplished the operation so 


interferes with the blood supply of the remaining cortex as to lead to 


total necrosis or such extensive necrosis as to render the remaining 
part of the organ functionless. 

From the experiments the following conclusions may be drawn: 

1, That no reliance can be placed on Ribbert’s experiments, and 
that they do not support Ludwig’s theory of the secretion of urine. 

2. That partial excision of the medulla of the kidney is not followed 
by increased secretion of urine. That in fact the intake of water by the 
food and output by the urine remain in the same relative proportion 
before and after operation. 

3. That partial excision of the medulla of the kidney is not followed 
by increased metabolism. The quotient of intake and output of 
nitrogen by the urine remaining the same after operation that it was 
before operation. 

4. That the emaciation which was noted in the animals was the 
result of diminished feeding and not of increased metabolism. 

5. That from the anatomical distribution of the vessels in the 
kidney, total excision of the medulla is incompatible with the continued 
life and function of the cortex. 

Excision of the medulla thus seems to differ from excision of a part 
of the whole kidney as in the observations of Bradford. 
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THE RELATIONSHIP OF THE SPLEEN TO THE 
FORMATION OF THE BLOOD CORPUSCLES. By 
D. NOEL PATON, G. LOVELL GULLAND, anp J. S. 
FOWLER. (Ten Figures in Text.) 


(From the Laboratory of the Royal College of Physicians, Edinburgh.) 


IN a previous paper! one of us has recorded observations showing that 
removal of the spleen in dogs causes no alteration in the proteid 
metabolism of these animals. We have now to record certain investi- 
gations which we have carried out, upon the question of whether the 
spleen in mammals is connected with the production of the corpuscles 
of the blood. We have approached the question in four different ways : 

(1) By comparing the blood corpuscles in the blood going to, and 
in the blood coming from the spleen. 

(2) By investigating the influence of removal of the spleen on the 
blood corpuscles. 

(8) By studying the rate of recovery of the number of corpuscles 
in the blood in animals with and in animals without the spleen (a) after 
hemorrhages, and (6) after the action of hemolytic agents. 

(4) By investigating the influence of the administration of extracts 
of the spleen upon hemopoiesis. 

In these experiments D. Noel Paton is responsible for the opera- 
tions and for the estimations of erythrocytes and of hemoglobin by 
Oliver’s method. J. 8. Fowler is responsible for the various counts 
of erythrocytes and leucocytes, except those on kittens, and for the 
estimations of hemoglobin given along with these counts; while 
G. Lovell Gulland undertook the examination of the blood films 
and the differential counts of leucocytes. _ 


THE BLOOD CORPUSCLES OF THE ANIMALS EXAMINED. 


_ Erythrocytes. The only point of importance in regard to these is 
that the corpuscles of all the rabbits examined, both controls and 


1 This Journal, xxv. p. 443. 1900. 
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animals operated on, showed in many cases a greater or less tendency to 
polychromasia, and to what in human blood would be regarded as minor 
degenerative changes. 

Leucocytes. So far as we know, the only attempts made to establish 
the normal proportions of the different varieties of leucocytes present are 


by Kanthack and Hardy’ and Hirschfeld*. The latter has system- 


atically examined the blood of a large number of mammals in order to 
ascertain what varieties of leucocytes are to be seen in the blood of 
each species. Our results in the main confirm his, but we found some 
minor points of disagreement. Kanthack and Hardy examined the 
rat, guinea-pig, and rabbit only, and our results in the rabbit confirm 
theirs, 

Cat. Hirschfeld enumerates: (1) Two varieties of large coarsely 


granular aurantiophil cells, one with larger and more scattered granules 


than the other. We did not think the differences sufficient to separate 
them, and have classed them together as “ eosinophils.” 

(2) Non-granular neutrophil cells. These have a polymorphous 
nucleus, and correspond very closely in behaviour and appearance to 
the polymorpho-nuclear cells of human blood. We have therefore 
applied the same name to them. 

(3) Basophil cells. These were so few in number in our animals 
that they were neglected. They usually only reached a fraction of 1 °/,. 

(4) Lymphocytes. These do not differ in appearance or structure 
from those of human blood. They were mostly of the small variety, 
and it was not found worth while to subdivide them further. 

Dog. The same varieties are present as in the cat. The coarsely 
granular cells are more strictly aurantiophil than eosinophil, and their 
granules show considerable differences in form,—rods, balls, and triangles 
may be found. The cells vary much in size. The polymorpho-nuclear 
cells in some cases show very fine granules, in others these are absent. 
The basophil cells, though slightly more numerous than in the cat, were 
not included in the differential count. 

Rabbit. There are two varieties of coarsely granular acidophil 
polymorpho-nuclear cells. The larger and more coarsely granular are 
strictly eosinophil, according to Hirschfeld, and their granules are 
oval, with slightly pointed ends. The smaller variety have rounded 
granules, nearly as large as those of the eosinophil cells of human 
blood, which with triacid, eosin followed by methylene blue, and 


1 This Journal, xvm. p. 101. 1894. 2 Virch, Arch, oxurx. p. 22. 1897. 
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Jenner's stain, are coloured in the same tone as those of the first- 
named variety. They take up basic stains, however, to a certain 
extent, when these are used alone, and with the aurantia-indulin-eosin 
mixture take up the indulin, while the others take up eosin. They 
are therefore strictly speaking amphophil. They form the immense 
majority of the acidophil cells, so much so that in a count of 500 cells 
. in Rabbit 3 (control) made specially to ascertain the proportions, only 
_ one cell was found which was certainly of the first variety, while two 
were doubtful. A similar count in Rabbit 4 (splenectomised) showed 
two which were certainly of this variety. It was not thought necessary 
therefore to make a special heading for them, and both varieties were 
included as “eosinophil cells.” There are no neutrophil cells in the 
rabbit's blood. The lymphocytes show a much greater variation in size 
and in the shape of the nucleus than in cats and dogs. The basophil 
cells are very much more numerous than in the other animals, and 
are polymorpho-nuclear, very like those of the human blood. It is 
sometimes very difficult to distinguish them from lymphocytes, for the 
lobes of the nucleus are always very faintly stained, and when, as often 
happens, the basophil granules are few and small, the resemblance to a 
lymphocyte with indented nucleus and protoplasm more basophil than 
usual, is very close, especially as metachromasia”is not always well 
marked, 3 


COMPARISON OF THE CORPUSCLES IN THE BLOOD GOING TO, AND 
IN THE BLOOD COMING FROM THE SPLEEN. 


Method. In these experiments the animal was anesthetised with 
chloroform and ether. The spleen was exposed, enclosed in a cloth 
wrung out of normal saline at 38° to 40°C., which was frequently 
changed. A branch of the splenic vein was punctured, and when blood 
was not required hemorrhage was controlled by digital pressure. 
Arterial blood was taken either from a branch of the splenic artery 
or from the carotid. The latter was found to be the more satisfactory 
procedure. After the first specimen of blood had been taken the 
splenic vessels were compressed so as enormously to congest the organ, 
and after five minutes specimens of blood were again taken. The 
counts were generally made with a Thoma-Zeiss’s hemocytometer, and 
the hemoglobin was determined by Oliver's apparatus, and it is of 
course expressed in terms of the normal human blood. In two obser- 
vations Oliver’s hemocytometer was used. The blood films were fixed 


fe 
4 
a 
uf 
bey 
f 
Ma 
7 
, 
wig 
‘ § 
a 
- 


86 D. N. PATON, G. L. GULLAND AND J. 8S. FOWLER. 


by Gulland’s method (the fixing solution was formalin (commercial) 
10°/,, absolute alcohol 90°/,), and the stains used were (1) eosin 
followed by methylene blue, and (2) Ehrlich’s triacid stain. The 
former was found more useful, Some of the later films were fixed and 
stained by Jenner’s method. 

The statement that the leucocytes in the splenic vein are enormously 
increased, seems to have small experimental basis. : 

An observation recorded by Rollett in Stricker’s H. gives 
the proportion of leucocytes to red cells: in splenic vein, 1 in 60, 
in splenic artery, 1 in 2260. Bizzozero and Salvioli’ found that, 
both under normal circumstances and after bleeding, the vein contained 
a larger percentage of hemoglobin than the artery, and that the ratio 
of white to red cells was greater in the vein than in the artery. Their 
method was in an ordinary fresh preparation to count the red wat 
white corpuscles in a number of fields. 


Hemoglobin. After hmmorrhage 4°2 and 6°4°/, more Hb in vein. 
Normal 9 ” 11%, ” ” 
Vein Artery 
‘Relating proportions of 1: 868 1: 598 
1: 267 1: 678 
1:115 1; 259 
Normal 1: 277 1: 425 
1: 150 1:180 


' We have made five observations on cats and three on dogs with the 
following results. 


A. Number of Cells. 


Splenic artery and vein Erythrocytes Leucocytes 
1 Dog Carotid artery 5,728,000 20,300 
Splenic vein 5,268,000 _ 17,700 
Splenic vein after compression 5,885,000 17,700 
2 Dog Splenic artery 6,964,000 24,000 
Splenic vein 6,300,000 22,700 
Splenic vein after compression 6,400,000 15,500. 
8 Cat Carotid artery 7,800,000 45,500 
Splenjc vein 8,000,000 45,400 
Splenic vein after compression 8,287,000 33,600 
4. Dog  Oarotid artery 5,728,000 20,300 
Splenic vein : 5,265,000 17,700 

Splenic vein after compression 5,885,000 


1 Moleschott’s Untersuchungen, xu. 1881, 


; 
om 
is 
is 
ig 
3 
a 
3 
i? 
> 
re 
43 
1 
j 
i 
q 
7 
Bai 
1 | 
4 
i 
} 
| 
3 
5 
2 
> 
> 


SPLEEN AND BLOOD CORPUSCLES. 8&1. 


Erythrocytes! Hb Leucocytes 
5. Cat (pregnant) Carotid artery 70 29,200 
Splenic vein 7 15 22,000 
Splenic vein (compression) " 80 24,800 
6. Cat (pregnant Carotid artery 70 20,200 
Splenic vein 60 18,600 
Splenic vein (com- 


These observations show no constant change in the number of 
erythrocytes, but a distinct if slight diminution in the number of 
leucocytes in the blood of the splenic vein. 


B. counts of in of and 


Cat A. Artery 
Splenic vein 
Cat B. Artery 
Splenic vein 
_ Splenic vein (compression) 
Artery 


Splenic vein 

Splenic vein (compression) 
Cat 6 (pregnant). Artery 

Splenic vein 

Splenic vein (compression) 
Cat 5 (pregnant). Artery 

Splenic vein 

Splenic vein (compression) 
Dog 4. Artery 

Splenic vein 

Splenic vein (compression) 36 
Dog 2. (Obviously anemic, red corpuscles pale, a good deal of Henan ei 


Cat 3. 


and several normoblasts present.) 
Artery 58 36 6 
Splenic vein ee 43 . 6 
Splenic vein (compression) 50 43 7 


In five out of the seven observations there was a slight diminution 
in the proportion of polymorph cells, and in two a slight increase ; 
but no constant change in the character of the leucocytes in the blood 
which had passed through the spleen was demonstrated. — 


1 With Oliver’s hamocytometer. 
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INFLUENCE OF REMOVAL OF THE SPLEEN ON THE NUMBER AND | 
CHARACTER OF THE BLOOD CORPUSCLES, 


Previous observations, Our knowledge of the changes i in the blood 
which follow removal of the —" is derived from both clinical and 
experimental sources. 

Clinical observations. There is a certain amount of evidence that 
in man removal of the organ is sometimes followed by anemia and 
more or less of constitutional disturbance within a few weeks of the 
operation, and that the anemia may occasionally be of a more enduring 
character. There is also apparently little doubt that splenectomy is 
sometimes followed by a more or Jess persistent increase in the number 
of the leucocytes—this, probably, especially where an enlargement of 
the lymphatic glands (itself a by no means constant occurrence) takes 
place’. But for various reasons—imperfect or insufficient blood exami- 
nations or the possible existence of concurrent disease, etc.,—little exact 
information can be gained from clinical sources. 

Experimental work. It is sufficient to mention the more recent 
experiments, since the earlier observers were mainly concerned with 
the general results of extirpation of the spleen, and had not at their 
disposal exact methods of examining the blood. Even in modern 
papers there is a noticeable absence of control experiments on animals 
kept under like conditions to those from which the spleen was removed. 


Erythrocytes. Lockhart Gibson® excised the spleens of three 


dogs, and kept the animals under observation for periods of from two 


to five and a half months. He used no controls, In the first dog there 


was a somewhat indefinite decrease of the red corpuscles; in the second 
no change seems to have been produced; while in the third there was 
a fall in the red corpuscles from the 24th to the 107th day. He also 
made observations on the effect of hemorrhage on a normal and a 
spleenless animal, and he states that in the former case many nucleated 
red corpuscles, some showing mitosis, were present in the spleen, while 
in the latter, recovery was not so rapid as normal, ——- here again 
no control experiment was performed. 


1 Pitts and Ballance. Clin. Soc. Trans. xxrx. p. 4, 1896, and Heaton, B. M.J. 1. 
p. 476, 1899. | 
- 9 Lockhart Gibson. Journ. Anat. and Phys. 1886. (This paper contains a very 
complete critical digest of previous work on hmmopoiesis, and the function of the spleen 
in this relation.) 
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Bizzozero and Salvioli' tried the effect of bleeding on three 
guinea-pigs and four dogs on which splenectomy had been performed. 
They got inconclusive and contradictory results as regards the rapidity 
with which the loss of hemoglobin following venesection was made up 
again. They state, but without giving any details, that extirpation of 
the spleen of a healthy dog is followed by a gradual diminution of the 
hemoglobin of the blood; after a certain stage this ceases, and the 
hemoglobin slowly rises again, but does not reach its former level. 

_ Picard and Malassez* conclude from their experiments that 
splenectomy does not affect the rapidity with which the blood is 
regenerated after hemorrhage, but that it diminishes the amount of — 
hemoglobin, but not the number of red corpuscles. | 

Laudenbach*® made observations on three splenectomised dogs 
with the following results: In one fatal progressive anemia developed 
two and a half months after the operation, and the animal died two 
and a half months later; in the second there was also anemia beginning 
about the same time, of short duration, followed by remissions and 
relapses, with final recovery by the sixth month; in the third there 
was some anemia immediately after operation, which was soon per- 
manently recovered from. 

Gabbi‘ made a series of observations on the blood of guinea-pigs 
and rabbits before and after splenectomy. In five guinea-pigs he found 
an average increase of nearly half-a-million red corpuscles, and a corre- 
sponding richness in hemoglobin after the operation : in rabbits there 
was either no change or a slight fall. These observations refer only to 
the more immediate results of the operation. 

Leucocytes. Gibson enumerated the leucocytes in his three dogs 
"after removal of the spleen. In the first there was a leucocytosis 
lasting until the 21st day; in the second and third the leucocyte counts 


do not give any definite indication of change. 


Vulpius® states that a leucocytosis lasting for about two mocha i 1s 
an immediate consequence of extirpation of the spleen in rabbits. The 
condition of the leucocytes in spleenless guinea-pigs has been investi- 
gated by Kurloff*, working in Ehrlich’s laboratory, by Uskoff?, and 


1 Moleschott's Untersuchungen, xn. p. 601. 1881. 

2 Gazette Médical de Paris. 1878. - Archives de physiologie, p. 200. 
4 Ziegler’s Beitriige zur Path. Anatomie, xrx. p. 647. 1896. 

5 Vulpius’ Beitrige zur klin. Chirurgie, x1. p. 633. 1894. 

© Ehrlich und Lazarus’ Die Aniimie, 1. p. 56. Wien, 1898. 


7 Arch, des sciences biologiques de St Pétersbourg, v. p. 1. 1897. (Quoted by Virchow 
and Hirsch, 1897.) 
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by others. The first got a leucocytosis beginning about 85 days 
after operation and lasting well into the second year. The cells mainly 
increased were the small lymphocytes. Uskoff found that the leuco- 
cyte count remained normal in 8 out of 15 dogs; in the remaining 7 © 
a leucocytosis developed, the only change in the relative proportion of 


the different cells being a slight increase in the intermediate forms. 


Litten in Nothnagel’s Specielle Pathologie u. Therapie, vit. 1898, 
in the Article on “ Krankheiten der Milz” gives a very full account of 
the various papers upon splenectomy, and concludes, on evidence which 
appears to us quite insufficient, that the function of the spleen is to 
change white into red corpuscles. 


| Method. 

In our experiments the observations on each splenectomised animal 
were checked by simultaneous observations on a normal animal. From 
the same litter two or more animals were selected and kept under 
exactly the same conditions for some time, being weighed at frequent 


intervals. When found to be in the same condition one was fully 
anzsthetised with chloroform and ether, and the spleen excised with 


aseptic precautions, the wound being dressed with collodion and per- 


chloride wool. In all cases the wound healed without sepsis. After 
the operation the animals were kept in the same surroundings and the 
blood was examined from time to time. In all the rabbits and in two 
of the dogs it was taken from the ear. In four dogs and in two cats it 
was taken from the lip. 


Rabbits. 


Eap. I. A large black female rabbit was splenectomised on 
November 22nd, 1899. When operated on, it weighed 1900 grms. ; 


it continued in good condition, and in February 1901 (14 months after — 


the operation) weighed 3000 grms. The blood examined by Oliver's 
method then gave erythrocytes 84, Hb 80. (Fig. 1.) 7 

Exp. Il. Two large black male rabbits were kept under the same 
conditions, from December 4th, 1899. On December 14th one was 
splenectomised. Weight 2275 grms., the other weighed 1855 grms. 
They both remained well and gained weight. In August 1900 the 
splenectomised animal weighed 2750 grms., and the other 2120 grms. 
The splenectomised animal was accidentally killed by an excessive 
venesection on 14th November, 1900. The other was kept along with 
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the rabbit of Exp. I. till February 1901, when the blood was examined 
by Oliver's method and gave erythrocytes 86, Hb 80. (Figs. 2 and 3.) 
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Fig. 1. Experiment I. Splenectomised Rabbit. S=splenectomy; ...... = percentage of 
hemoglobin ; —e—=no. of erythrocytes ; figures 20 and 30=no. of c.c, blood drawn 
by venesection (a similar explanation applies to subsequent charts). 
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Fig. 2. Experiment II. Control Rabbit. 


Eap. III. Two half-grown white and brown rabbits were kept 
under the same conditions from 4th December, 1899. On December. 
20th one was splenectomised. It weighed 1200 grms., while the other 
_ weighed 1120 grms. In February 1900 they became mangy. The 


second developed paraplegia after bleeding and was destroyed. The 
first died in October from mange. (Figs. 4 and 5.) 
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excessive hemorrhage. 
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RED CORPUSCLES| DATE 
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Fig. 5. Experiment III. Control Rabbit. Death following hemorrhage. 


Exp. IV. Four young rabbits of one litter were brought under 
observation on July Ist, 1901. On July 8th splenectomy was per- 


Q 


ie 


Goo 


operation fo itn 
8 92 70 90 96 70 
7 92 70 70 90 70 86 70 
8 86 70 — 70 86 65 92 75 
2 94 65 92 65 90 70 94 75 
1 88 70 94 70 88 65 90 70 

4A and D splenectomy on 8th, 

1 86 70 92 70 90 60 88 70 
2 82 60 94 70 86 60 90 70 
3 88 65 100 75 84 60 100 70 
7 100 75 100 100 75 100 70 
25 88 75 88 70 80 65 90 75 
34 70 80 60 80 65 84 65 
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formed in two, while the other two were kept as checks. Erythrocytes 
and hemoglobin were determined by Oliver’s method. 

The only change observed in these animals was a slight fall in the 
number of corpuscles and in the amount.of hemoglobin in A after the 
operation, but the animal lost a good deal of blood by the slipping of 
one of the ligatures on the pedicle. C was killed on October 7th, and 
the other three, nine months after the i os tae gave the following 
results: 


Days before A ae 
and after 
270, 100 80 109 85 100 80 
274. 100— « 8 100 85 105 80+ 


This shows the increase in the corpuscular richness of the blood as 
age advances in spleenless animals as well as in animals with the 


spleen. 


Eap. VY. Two young rabbits from one litter were brought under 


observation on September 9th, 1901. On September 25th splenectomy 


was performed on one B. 
Days before ; A B 
operation Eryth. Hb Eryth. 
Before operation 
6 80 60+ 86 70 
2 86 70+ 
0 84 65 86 70 
Operation on Sept. 25th 
9 84 60 70 
13 82 70 95 80 


Leucocytes. These were enumerated in the rabbits only. In No. 1 
there is a definite leucocytosis shortly after splenectomy, but this is 
not marked in the others: the later counts are disturbed by the 
hemorrhage. 

The-averages of the leucocyte counts in rabbits are as follows in the 
first three Experiments : : 


Exp. I. Splenectomy = 13,000 
Splenectomy = 14,000 

Splenectomy * = 11,300 
Control = 10,700 


Excluding agonal leucocytosis. 
There is thus no evidence of increase in the leucocytes. 


Exp. IIL 
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: Differential counts of leucocytes. 
The letters used are :—L. = lymphocytes. 
sah eosinophil cells. 
B. = basophil cells. 


Exp. I. Splenectomised. 


| L. E B. 
Day of operation 58 40 2 
21 days after 67 30 8 
628 ” ” 56 42 2 
55 ” ” 63 832 5 
Undated later 62 35 8 wikilocytosis, 
blood 
some normo 
366 days after (after bleeding) 70 29 1 
EL 
Splenectomised. Control. 
L. E : L. E. B 
Day of operation ; 66 81 3 55 42 3 
9 days after 59 39 2* 65 29 6 
Sl ” 60 38 2 78 18 4 
37 oy ” 69 30 1 67 80 8 
66 74 23 8 
194 ,, 4, (after bleeding) 44 53 3 
* Normoblasts. 
Exp. III. | 
Splenectomised. Control. 
Day of operation 47 49 4* 55 43 2 
3 days after 60 85 5 15 21 4 
: a ee 44 47 9 49 46 5 
3 9 Lh) 56 41 8 80 68 2 
(after bleeding on previous day) | 
68 days after 57 41 2 43 55 2 
* Normoblast. 
The average of the counts in animals was: 61:3 L., 
35°5 E., 3:2 B. 


Of the controls and the splenectomised animals before operation : 
554 L, 413 E, 33 B. 

The only difference observable is a slight decrease in the eosinophils 
in the splenectomised animals. 

Omitting for the present the consideration of the influence of 
hemorrhage this series of observations shows no important change in 
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the corpuscles of the blood after removal of the spleen in adult and in 
young rabbits. 
Doge | 

Eap. VI. Four pups born in the laboratory on 9th Aug. 1899, were 
kept under the same conditions. There were two dogs and two bitches. 
On Oct. 20th the two dogs weighed respectively 1480 and 1520 grms. 
The second was splenectomised. The bitches weighed 1920 and 1775 
grms, and the first was splenectomised. They all remained healthy and 
grew rapidly. On Feb. Ist, 1900, three months after the operation the 
two dogs were killed with chloroform. 

A chemical examination of the blood serum gave : 


Total Proteids 5°08 °/, 4°88 

Serum Albumin 3°88 3°94 
» Globulin 1°21 0°94 

Fat 0-246 0-120 


The two bitches were kept till July 1900, when the splenectomised 
animal weighed 8165 grms. and the other 7800 grms. (Figs. 6, 7, 8, 9.) 
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Fig. 6. Experiment VI. Male dog, splenectomy. 
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Fig. 7. Experiment VI. Male Dog, control. 
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Female Dog, splenectonty. 
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Fig. 9. Experiment VI. Female Dog, control. 


Exp. VII. Two male pups born in the laboratory in the summer of 
1900. On Feb. 6th, 1901, one (A) was splenectomised. It lost some 
blood but made a good recovery. 

The erythrocytes and hemoglobin were determined by Oliver's 
method. 


A, Splenectomised. | B. . Control. 
before and | 
operation Erythrocytes Haemoglobin Erythrocytes Hemoglobin 
Before operation 
9 _— 80 82 80 
3 82 80 80 + 
6 82 80+ 82 80 - 
5 79 80 80 
2 79 80 80 80 
1 79 — 82 80 
: Operation of 6th. 
1 90 85 : 84 80 
2 84 80 84 — 
5 90 90 88 80 
7 84 80. 80 80 
9 94 90 84 80 
19 82 80 84 80 
77 90 90 88 90 
79 84 85 88 90 
85 88 85 94 90 
131 100 90 Killed 
182 80 
134 95 85 
191 110 90 
208 115 95 
209 110 90° 
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During the whole period of nine months following the splenectomy 
no material change in the number of erythrocytes or in the amount of © 
heemoglobin could be detected. 


When the dog was killed on 27th Nov. 1901, after repeated doses of 
toluylendiamin the serum contained : 


Total proteids .... 678 per cent. 
Serum albumin... 444 
While a normal bitch kept under the same conditions gave : 
Total proteids 6°08 per cent. 
Serum albumin... li, 
Serum globulin .... 182 


Actual differential counts of the varieties of leucocytes were not 
made in the blood of the dogs experimented on, but blood films 


_ prepared at various periods were examined by Dr Gulland, who 
finds the following conditions. 


7 Splenectomy increased. Polymorph proportion 
: Control High polymorph proportion. 
26 Splenectomy Actual number not so t. Smaller ortion of 
Control Normal. 
34 Splenectomy 
Control ” 
y 
Control (another dog) _,, 
Splenectomy 
Control Actual increase and increase of polymorph. 
225 Splenectomy Normal. 
Control Somewhat high proportion of leucocytes. 


Between these various dates the dogs had been subjected to the 
action of toluylendiamin and pyrogallic acid, but the recovery had 
always been complete and the normal state of the blood was fully 
regained, 

Kittens. 

Eap. VIII. Two kittens of a litter were kept under the same 

conditions. On August 8th one was splenectomised. 
7—2 
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Splenectomised. Control. 
operation Erythrocytes Leucocytes Hb Erythrocytes Leucocytes Hb 
62 5,287,000 30,600 59 6,687,500 ~ 30,000 62 
69 6,163,500 86,700 61 7,200,000 28,700 62 
76 7,000,000 24,000 62 7,300,000 25,000 «G61 
| 83 6,887,500 20,000 61 7,700,000 24,600 65 
90 6,812,500 «81,500 18,000 64 
| Differential blood counts. 
i The letters used are :—L. = lymphocytes. 
P. = polymorphonuclear cells. 
i] E. = eosinophil cells. 
i Kittens (Exe. VIII). 
4 
4 Kitten 4. Splenectomised. Kitten. Control. 
1 25 71 4 1 23 60 17 
69 17 78 5 69 20 73 7 
76 23 65 12 76 31 57 12 
83 21 70 9 83 29° 55 16 
90 15 77 90 23 58 19 
{ 94 24 62 14 94 27 61 12 


| 61 P., 14 E. 
| Those of the control, 25 L., 61 P., 14 E. | 


| | The average percentages of the splenectomised kitten were: 25 L., 

Puppies (Exe. VITI.). 


Puppy 4. Control. Puppy B. Splenectomised. 
| L. P, E. L. P. E 
} 1 14 82 4 1 25 72 3 
; y 12 83 5 y 17 80 8 
‘| 23 23 73 4 23 22 72 6 
i 28 20 72 8 28 21 74 5 
| 36 19 47 4 36 18 78 4 
| 50 12 85 8 50 10 87 8 
96 84 54 12 96 238 77 


0 
The average percentages of the splenectomised pup were 2 19 1 L,, 
77 P., 35 E. 
And of the control, 19°5 L., 75 P., 5°8 E. 
In the dogs and cats examined no change in the \eiesiine was 
observed beyond a possible slight diminution in the eosinophil cells. 
If absolute asepsis has not been secured and if a small focus of 
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inflammation results, even though it be quite insufficient to affect the 
animal's appetite and health, marked blood changes are found to follow 
splenectomy. 

In one young rabbit where the operation was somewhat hurriedly 
performed a slight hardness was observed just behind the wound, and 
although the animal continued to feed and to gain weight the erythro- 
cytes fell in seven days from 85 per cent. by Oliver's method to under 
70 per cent., and the hemoglobin from 70 per cent. to 50 per cent., 
while a marked leucocytosis was observed. Differential counts two 
days after the operation gave : 


Splenectomised rabbit Control rabbit 
Lymphocytes 49 76 
Eosinophil cells 41 | 21 
100 100 


A slight suppurative process round a ligature may continue for a 
considerable period, and we cannot but think that in many of the cases 
in which blood changes have been ascribed to removal of the spleen such 
a focus may have existed. — 

Our results may indicate 

(1) Either that the spleen plays no pen on in the production 
of blood corpuscles, 

(2) Or that it performs blood-forming and blood-destroying 
functions which exactly balance one another. 

The latter hypothesis appears improbable, but it seemed desirable 
to put the animals in conditions under which the blood-forming 
functions of the various organs connected with this process are 
increased. It is well known that after hemorrhages, or after de- 
struction of erythrocytes, the blood-forming processes become more 
active, and it seemed to us that if the spleen has anything to do with 
the production of blood corpuscles an animal deprived of that organ 
would have less power of reproducing corpuscles than an animal in 
which it was active. 


THE RATE OF RECOVERY OF THE NUMBER OF BLOOD CORPUSCLES 
IN ANIMALS WITH, AND IN ANIMALS WITHOUT THE SPLEEN. 


A. After hemorrhage. (Rabbits.) The animals used were those 
mentioned in Sec, II. At various periods the animals were bled from 
the jugular vein, or carotid artery—under anzsthetics and with aseptic 


precautions. 
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_ In the rabbits of Exp. II. bleeding to the extent of 9 and 10 cc. 

was performed on the 65th day; the subsequent fall was delayed a day 

in the case of the spleenless animal, but was greater than in the 

| : control. Recovery was more rapid, though less complete. (Figs. 2 and 3, 

H pp. 91, 92.) 

i | In all the animals of Exps. I. and II. a larger venesection was done 

ik _ on the 125th day in the first, and the 108rd day in those of the second, 

i 20, 24, and 35 c.c. of blood being taken. In all, a marked fall in the ~ 

| corpuscles at once occurred, but not more in the separa animals than a 
in the control. (Figs. 1, 2 and 3.) 

A larger venesection was made on the 364th day in the rabbit of 
Exp. I., and on the 346th day in the control ammal of Exp. IT., 30 cc. 
being deri in each case. Here again a recovery in 30 days in the 
-spleenless animal, and only a partial recovery in the control is shown. 
The splenectomised animal of Exp. II. died after being bled to 75 c.c. 
(Figs. 1,2and3.) | 

The rabbits of Exp. IIT. were bled 20 ¢.c. on the 63rd day. In the 
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Fig. 10. Erythrocytes estimated by Oliver's method. At x a small dose 
of pyrogallic acid was given. 
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control the hemorrhage was followed by paraplegia, and the animal 
was destroyed. In the spleenless animal the bleeding was partially 
recovered from in about a month, when the rabbit had to be killed on 
account of mange. (Figs. 4 and 5, pp. 92, 93.) 

B. After hemolytic agents. (Dogs.) In connection with an 
enquiry into the relationship of the spleen to the destruction of blood — 
corpuscles, some experiments were performed which throw light upon 
the rate of recovery of the blood. 

In two dogs, one with and one without the spleen, intense anemia 
was produced by the administration of pyrogallic acid by the mouth. 
Iu the splenectomised animal in the course of four days the number of 
erythrocytes fell from 88°/,, as indicated by Oliver’s hemocytometer, to 
30 °/,, while in the dog with the spleen intact, in five days a fall of from 
100°/, to 20°/, occurred. In the first recovery was complete within 20 
days, in the second it was not complete at the end of the 15 days. 

The regeneration of erythrocytes after hemorrhage or hemolysis 
goes on at least as rapidly in animals without the spleen as in animals 
with the organ intact. (Fig. 10.) : 


INFLUENCE OF SPLENIC EXTRACT ON THE BLOOD. 


Danilewsky in 1895 described some experiments on rabbits in 
which by injection of splenic extract he produced a marked increase in | 
the number of corpuscles and in the amount of hemoglobin. In his 
original paper he states that further observations are being made with 
the view of isolating the active substance, and that the action of splenic 
extract on animals whose spleens have been removed is also the subject 
of investigation. So far as we can discover, however, no later communi- 
cation on the matter has been made. 

8. One of us’, while investigating the action of red bone-marrow 
on blood formation, made some experiments with splenic extracts, the 
results of which may be incorporated here. 

Rabbits were used in these experiments and they were rendered 
anemic by being kept upon a rice diet for some time. The two earliest 
experiments were made with splenic extract prepared by grinding 
100 grms. fresh spleen (obtained with antiseptic precautions) with 
100 c.c. saline solution. In neither case was any evidence of a definite 
action on the corpuscles detected. The temporary rise seen in Exp. 17 


| J. 8. Fowler, Scottish Medical and Surgical Journal, September, 1899. 
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must be regarded as accidental and probably fallacious. The somewhat 
variable number of corpuscles recorded is to be ascribed to the fact that 
the importance of obtaining the blood while the vous were wa 
dilated was not at that time adequately appreciated. — 


Exp. 17. Adult male rabbit ; rice diet from 15th inst. onwards. One intra-peritoneal 
injection of fresh, and two of boiled, splenic extract. No positive result. The rise on 
February 10th is probably accidental ; the animal had eaten nothing during the preceding 
twenty-four hours, and it is possible that some concentration of the blood may have taken 
place on that date. (Note. This was the only occasion, except in the fatal cases alluded 
to in the paper referred to, on which an intra-peritoneal or other injection seemed in any 
way to affect the health of an animal. Se 


ever produced.) 


Red corpuscles Weight 
Jan, 8 6,030,000 2068 gr. 
6,280,000 
6,052,000 


5,112,000 
5,000,000 

4,460,000 
4,280,000 
4,960,000 
4,720,000 
4,900,000 
3,920,000 
4,460,000 

tra-peritoneal injection 10 c.c. fresh splenic extract 

4,920,000 
8,720,000 
4,640,000 53 
3,720,000 53 


ewe Sasser 


Intra- peritoneal injection 10 c.c. boiled —— extract 


4,430,000 
6,140,000 (!) 60 2020 
4,060,000 55 
3,760,000 55 


Intra-peritoneal injection 12 c.c. boiled splenic extract 


4,720,000 60 
3,780,000 60 

Ordinary diet resumed 
4,586,000 62 
5,292,000 70 
5,560,000 
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Expr. 18. Adult male rabbit; rice diet from 28th inst. onwards. Fall in red cor- 
puscles. Three intra-peritoneal injections, boiled splenic extract on successive days. 
Result negative. 


Date Red corpuscles Weight 


Feb. 20 5,040,000 62 1645 gr. 
” 24 5,560,000 70 
” 26 4,780,000 68 
5,212,000 70 1750 
Rice diet begun 
Mar. 1 5,160,000 
a 3,760,000 68 1750 
” 5 4,220,000 70 
injection 10 cc. boiled extract 
4,360,000 | 70 
Intra-peritoneal injection 10 c.c. boiled splenic extract 
Re 4,720,000 70 1680 
Intra-peritoneal injection 10 c.c. boiled splenic extract 
wos 4,400,000 70 1700 
” 9 4,450,000 . 70 
» 10 4,150,000 72 
» 12 4,900,000 72 
» 1 5,080,000 68 
» 18 5,640,000 72 1756 


Splenic extracts thus failed to cause the increase in the number of red corpuscles which 
so constantly follows the administration of extracts of red bone-marrow. 


CONCLUSIONS. 


1. In dogs and cats there is no difference in the number or in the 
character of the erythrocytes in the blood going to and in the blood 
coming from the spleen, but there seems to be a slight diminution in 
the number of leucocytes, and more emmy of the polymorpho- 
nuclear cells. 

2. Removal of the spleen in dogs, cats, and rabbits has no influence 
on the number of the blood corpuscles, nor upon the proteids of the 
blood plasma, at least in dogs. It seems to be followed by a slight fall 
in the proportion of eosinophil leucocytes. 

3. After hemorrhage in rabbits, and hzemolysis in dogs, the normal 
number of erythrocytes is regained as rapidly in animals without the 
spleen as in those with the spleen. 
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4. The injection of extracts of the spleen in rabbits does not cause 
the increase in the erythrocytes which is produced by the injection of 
extract of red bone-marrow. 


5. From these observations we conclude that in the animals 
examined by us, the dog, cat, and rabbit, there is no evidence that the 
spleen has any important action as a blood-forming-organ. The 
leucocytes formed in the Malpighian corpuscles do not seem to be 
supplied in any large number to the blood. 
In a future paper we shall have to consider the condition of the 
bone-marrow, lymph glands and other organs in splenectomised animals 
and to give an account of an experimental investigation at present 
being carried out on the relationship of the spleen to hemolysis. 
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THE INFLUENCE OF SUBCUTANEOUS INJECTIONS 
OF LARGE QUANTITIES OF DEXTROSE ON THE > 
METABOLISM IN THE DOG. By JAMES SCOTT, M.D. 


(From the Laboratory of the Royal College of Physicians 
of Edinburgh.) 


THE question of the part played by the increased amount of sugar 
in the blood and tissues in diabetes has been frequently discussed. 
Some have concluded that the symptoms of the disease are due simply 
to the withdrawal of sugar from the metabolism, while others consider 
that there is evidence that sugar or some derivative of sugar exercises 
_ a toxic action upon the tissues of the body. 

The following investigation’ was undertaken as a contribution to the 
study of this question. 

Sugar may be introduced into the body either by the alimentary 
canal, by intravascular injections, or by subcutaneous injections. 

The last method was employed in the present observations since it 
appears most closely to imitate the condition in diabetes, because the 
sugar has time to act upon the tissues and is not directly dealt with by 
the liver as when it is taken by the mouth, or so wate excreted by 
the kidneys as when injected into the blood. 


Previous Investigation. 


V oit? records a series of experiments on the subcutaneous injection 
of various monosaccharids in the human subject, in which he shows 
that very large quantities can be administered without causing any 
disturbance, and that only a very small proportion is excreted in the 
urine. 

These results are in accord with the previous investigations of 
Leube’, who found that in dogs the injection of 50 c.c. of a 50 per cent. 


1 The expenses of this research were defrayed by a Grant from the British Medical 
Association. 


* Deutsches Arch. f. klin. Med. uv. p. 523. 1896, 3 Quoted in Voit’s paper. 
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solution dextrose caused no glycosuria. The disaccharids he found 
were entirely excreted by the kidneys. 

V. Harley? showed that when grape sugar is injected into the 
jugular vein of a dog it causes an augmentation in the lactic acid in 
the blood, the quantity of acid steadily increasing until it reaches its 


maximum in about three hours after the injection. 


Harley confirms the results of Limpert and Falk? as well as 
those of Brasol that the greater part of the sugar injected into the 
vein of a living animal is not excreted by the kidneys but is decomposed 
in the organism. 

Kossa* found that after the subcutaneous administration of doses of 
cane sugar from 0°25—0°7 per cent. of the weight of the body, there 
was a marked increase in the total amount of nitrogen, urea, and 
ammonia in the urine, both in the dog and rabbit, which continued for 
some time after the administration of the sugar, and that this was 
associated by great emaciation of the animals. 

Cane sugar administered subcutaneously has, therefore, no effect in 
sparing the proteid, but acts in the opposite way by increasing its 
disintegration. 

J. Munk‘ observed that a 0°5 per cent, halen of sugar in the 
blood increases the rapidity of the circulation through the kidney by 
one-third, the excretion of urine as much as eight times, and also the 
excretion of solid constituents in the urine. Munk supposes that the 


sugar directly irritates the secreting epithelial cells of the kidney. 


M. J. Arrows® found that 15 grms. of glucose could be injected 
intravenously in the rabbit without producing toxic effects. Much 
larger doses were required to produce toxic symptoms. 


GENERAL PLAN OF INVESTIGATION AND METHODS. 


Two bitches, one weighing about 20 kilos and the other about 28 
kilos, were used, and as a preparation the perineum was split under full 
anesthesia to allow of catheterisation. Before each experiment they 
were fed for some days on a fixed diet of oatmeal-porridge and milk in 
order to establish nitrogenous equilibrium. 


1 This Journal, xu. p. 391. 1891. 

? Limpert and Falk. Virchow’s Archiv, rx. p. 56. 1856. Brasol, Archiv f. 
Physiol., p. 211. 1884. : 

Pfliiger’s Archiv, Lxxv. pp. 310—331. 

* Centralblatt f. med. Wissensch., p. 438, 1886; Virchow’s Archiv, cvil. p. 334. 

> Comptes rendus hebdomadaires des séances et mémoires, p. 512. 1897. 
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The urine was collected by keeping the animals in a cage with a 
sloping zinc floor under which a suitable vessel was placed. The floor 
was kept scrupulously clean and feces were removed as soon as possible 
after they were passed. The urine was never contaminated with freces 
except on one occasion when it was not examined. 

When the animal came into nitrogenous equilibrium it. was deprived 
of food for one day, and a definite quantity of dextrose injected. A 
similar diet was again given for several days, and the animal again 
fasted for one day as a check on the effect of the sugar. The urine was 
collected daily at 10 a.m. and the bladder was emptied by the catheter. . 

Urine. The reaction and specific gravity were taken. The quantity 
collected was noted and the urine diluted to a convenient volume. The 
amounts of the following ingredients were determined by the methods 

enumerated, duplicate analyses being made in all cases and the mean of 
these taken :— 


1, Total nitrogen by i cork y's modification of Kjeldahl’s 
method. | 
2. Urea nitrogen by ‘Bobland’s method, by precipitating all 
nitrogen, not urea, with phosphotungstic (Merck’s) and hydrochloric 
acids. The ammonia nitrogen is thus completely precipitated. 

3. Nitrogen of ammonia by Schléssing’s method. 


4. Total sulphur as SO, by igniting with caustic potash and nitre, 
and precipitating with barium chloride. 

5. Oxidised sulphur as SO, by heating with weak hydrochloric acid 
and precipitating with barium chloride. 

6. Phosphoric acid as P,O, by titrating with uranium nitrate. 

The nitrogen not in urea (non-urea nitrogen) was calculated by 
difference, 

The percentage of nitrogen in urea and not in urea, the percentage 
of sulphur fully oxidised and not fully oxidised, were calculated by 
difference, 

7. Albumin was tested for by cold nitric acid, and- by heat and 

8. Sugar was tested for by Fehling’s solution, by phenylhydrazin, 

and by fermentation with yeast. 
: Faces, These were treated with dilute sulphuric acid and the 
nitrogen estimated by Argutinsky’s modification of Kjeldahl’s method. 
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Foop ANALYSES. 
ies of the food given to the dogs showed the emount of 
nitrogen to be :— 
0366°/, 


Experiments I. and II. 
Daily diet: 700 cc. milk = 2°56 grms. 
400 grms. meal = 8°60 __,, a 
1300 ¢.c. water 
15 grms, salt 
Total intake of N, per diem = 11° 11-16 
Experiment ITI. 
Daily diet: 500 cc. milk = 1°83 grms. nitrogen 


200 grms. meal = 4°30 _,, 
Total intake of N. per diem = 6:13 


Exp. I. For this and for the next experiment a Collie was used, 

On Nov. 22nd, 1900, at 12.30 p.m. the bladder was emptied by the catheter. 
130 grms. dextrose dissolved in 400 c.c. water were sterilised and injected 
subcutaneously, under aseptic precautions, in the region of the neck, massage 
being applied to diffuse it. This amount of glucose is equal to 6:5 grms. per 
kilo of body weight. The dog received no food all that day, and after the 
injection it lay in its cage in a quiet condition. On the following morning 
(23rd Nov.) at 10 a.m. the bladder was emptied by the catheter. The total 
amount of urine excreted since the injection was 290 c.c, Before dilution 
this urine was examined for sugar and albumin by the methods described on 
p. 109. There was only 0°5 grm. dextrose in the 290 c.c. Noalbumin. The 
urine was then diluted to 1000 c.c.—the amount used in the examination for 
sugar and albumin being allowed for. 


Exp. IJ. On the 17th Dec. 1901, at 12.30 p.m. 130 grms. dextrose 
dissolved in 400 c.c. water were injected subcutaneously, under aseptic pre- 
cautions, in the left side, massage being applied to diffuse it. As in Exp. I. 
the bladder was emptied before injection. The dog received no food all day. 
After injection it lay in a quiet condition. 

At 2 p.m. 

38 ¢.c. urine were drawn off and showed faint reduction with Fehling. 

At 6 p.m. 

10 ¢,c. ” ” ” marked ,, ” 

On the 18th at 10 a.m. 

55 ¢.c. urine were drawn off 
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There was ‘ouly 0-75. grm. sugar in the 103 ¢.c. urine as compared with 
0:5 grm, sugar in Exp. I. No albumin was present. 

The urine was then diluted to 600 c.c., the amount used in the exataination 
for sugar and albumin being allowed for. 


Exp. III. A retriever bitch weighing 28 kilos was used, and the 
perineum was split as in the former experiments, In this experiment the 
nitrogen excretion in both urine and feces was examined. __ 

The experiment was begun on 7th Nov. aud ended 23rd Nov. 1901. On 
Nov. 15th at 1 p.m, the bladder was emptied by the catheter. No food was 
given that day. 200 grmis. dextrose dissolved in 500 c.c. water were sterilised 
and injected subcutaneously in the left side. This amount of dextrose is | 
equal to 7 grms. per kilo of body weight. Massage was applied and quickly 
diffused it. Feces were passed just before the injection was given. 

On the following morning (16th Nov.) at 10 a.m. the bladder was emptied 
by the catheter. The total amount of urine excreted since the injection was 
105 cc. Before dilution the urine was examined for sugar and albumin. 
There was only 0°807 grm. glucose in the 105 c.c. urine. No albumin. The 
urine was then diluted to 500 c.c. for further examination. 


1. Total nitrogen excreted. 


TaBe II, Effects of injection of dextrose and fasting on the output 
of total nitrogen compared with the effects of fasting alone. 


Exp. I. Exp. I. Exp. III. 
é 
food) (urine) food) urine). food) urine) 
grms. grms. grms. germs, grms. 
First Period 11°16 50 W160 5-0 4°82 
Second Period 
Day of injection 0°0 29 0°0 1°44 0°0 1:03 
Ist day after-injection 11°16 8°96 11°16 11°92 61 6°86 
2nd ,, 11°16 58 11°16 7°82 61 5°74 
11°16 58 11°16 61 4°26 
Third Period 
Day of fasting 00 2°7 0-0 2°98 2°85 
Ist day after fasting 11°16 5°9 11°16 4°90 4°82 


In the first two experiments the intake of nitrogen and the output 
by the urine were alone studied. The amount of nitrogen excreted by 
other channels was large, and it was possible, though improbable, that 
the change in ‘the excretion of nitrogen in the urine was due to 
alteration in the amount of that element absorbed. In the third 
experiment the excretion of nitrogen in the feces as well as in the 
urine was estimated. 
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114 SCOTT. 
Taste III. Exp. III. Nitrogen balance. 


Output 
Date food) Urine Faces Balance 
From 9th to 15th. Foodon4days 2452 24°79 2415 27205 -2°685 
From 15th to 20th. Foodon4days 24°52 22°73 5037 27°767 -38:247 
From 20th to 23rd. Foodon3days 18°39 1232 2382 14652  +8°788 


67-48 59°34 9°784 69624 -2-194 


All three experiments show a very marked increase of the excretion 
of nitrogen under the administration of dextrose, and the third indicates 
_ that this is due to an increased disintegration of proteids in the body 
" and not to any alteration in the absorption of proteids. 


2. Distribution of nitrogen of the urine. 
Taste IV. Distribution of nitrogen in wren and in other compounds. 


Exp. 
Injection and fasting. Fasting 
Urea N Non-urea N Urea N Non-urea N 
First Period grms. grms. : grms. grms. 
Normal period average 4°8 0°95 4°8 0°95 
Second Period Third Period 
Day of injection 2°04 0°86 Day of fasting 2-1 0°6 
ist day after injection 6°77 2°19 Ist day after fasting 4°6 1°3 
8rd ” 4°8 1°0 
Exp. II. 
Injection and fasting : Fasting 
UreaN Non-urea N reaN Non-urea N 
First Period grms. grms. grms. grms. 
- Normal period average 4°'8 0°95 48 0°95 
; Second Period Third Period : 
: Day of injection 108 $036 Day of fasting 215 0°83 
Ist day after injection 10°24 168 Day after fasting 3°64 1:06 
2nd ,, 6°67 115 
‘| ” 4°65 1°15 
i Exp. III. 
4] Injection and fasting Fasting 
Urea N Non-urea N Urea N. Non-urea N 
Normal period average 3°4 ‘17 77 
H Second Period Third Period 
Day of injection 0°56 66 Day of fasting 2°14 “71 
1st day after injection 5°82 104 ist day after fasting 3°39 
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‘Taste V. Percentage of wrea nitrogen. 


First Period Exp.l Exp. Exp. Ill. 
Normal period average 84°), 84°, 83°), 

Second Period 3 
Day of injection 70 76 54 
lst day after injection 75 85 85 
” 76 86 76 
3rd ” ” ” 80 

Third Period : | 
Day of fasting 77 76 75 
Ist day after fasting 78 78 80 
2nd ” ” ”? 82 83 


In the second experiment the fall in the proportion of urea nitrogen 
is the same on the day of fasting as on the day of fasting with the 
injection of dextrose. But in the first experiment it is distinctly, and 
in the third experiment very markedly lower on the days of injection. 


VI. Nitrogen in preformed ammonia, | 
Injection and fasting _ Fasting 


Exp. 1. Exp. Exp. Ill. Exp. I. Exp. Exp. Il. 
First. Period grms. grms. grms. grms,  grms. 
Normal period average 0°50 0°50 0°27 050 050 0°27 
Second Period Third Period 


Day of injection 0:35 0°16 0°17 Day of fasting 0°46 0°37 0°19 
Ist day after injection 0-96 0°49 0°18 Ist day after fasting 0°68 0°68 0°27 


2nd ” ” ” 0°65 0°70 0°46 2nd ” va ” 0°49 persed : 0°25 
Urine alkaline 
0°46 055 1°45 


Tasie VII. Percentage of ammonia N. to total N. — 
Injection and fasting Fasting 


First Period Exp. Exp. IL Exp. Exp. Exp. Exp. IIL 
Normal period average 10°/, 10°, 10%, 10%, 6%, 
Second Period ; Third Period 


Day of injection 18 10 16 Day of fasting 
Ist day after injection 11 4 11 Istdayafterfasting 15 14 6 
2nd ” ” hl 11 9 8 : 2nd ” ” ” 1k bs 6 


In the second experiment there was no rise in the proportion of 
nitrogen in ammonia after the injection, but in the first experiment a 
slight rise appeared, while in = third experiment the rise was very 
marked indeed. 

8—2 
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The increased excretion of ammonia in diabetes is very fully dealt 
with by von Noorden'*. The very marked rise observed in two of the 
experiments recorded, supports the view that an acid or acids are 
produced in the decomposition of the dextrose as indicated by Harley 
(loc. cit.), or that the increased proteid disintegration is accompanied 
by the liberation of acids, 

Nitrogen in other combinations. 

Table VIII. includes the N. in such compounds as creatinin, uric 
acid, purin bases, cynurenic acid, hippuric acid, ammonia, etc. It is 
practically impossible to estimate the quantities of each of these 
separately, because the methods of determining their amounts are 
laborious and unsatisfactory. Their collective quantities, however, are 
indicated by the amount of N. excreted in the urine in forms other 
than urea, less the ammonia nitrogen given in Table VI. 


Taste VIII. Percentage of non-wrea N. not in ammonia to total N. 
Injection and fasting Fasting 


First Period Exp. IL Exp. Exp. 1 Exp, 
Normal period average 9°/, 9°, 12%, 9°, 9% 12%, 
Second Period — Third Period 
Day of injection 17 14 #£«Dayoffasting 6 12 
lst day after fasting 14 11 4 7 8 18 
ana, ” 13 5 16 7 10 


The increase of these bodies on the day of injection is greater than 


upon the day of fasting alone in the first and in the third experiment. 


3. Eacretion of sulphur. 
The total excretion of sulphur and the excretion of sulphur in the 
oxidised and unoxidised state showed no alteration of importance. 


Taste IX. Percentage of total sulphur as SO, to total nitrogen. 


Exp. Exp. Il, 
Normal period average 24°6 °/, 24°6 
Day of injection 34 7 31 
Ist day after injection 17 16 
2nd ” ” 18 22 
8rd 20 22 
Day of fasting 26 21 
lst day after fasting 23 23 
2nd ,, ” ” 22 


1 XXth Century Practice of Medicine, ‘Diabetes Melitus,’ p, 92. 
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On the day of injection of dextrose the percentage of sulphur to 
nitrogen was distinctly higher than on the day of ne The reason 
of —_ is not apparent. 


4. Ezcretion of phosphorus. 
TaBLe X. Percentage of P,O, to total nitrogen. 


Exp. I Exp. 1. Exp. Il. 
Normal period average 34°), 34°), 28°), 
Day of injection 18 81 8 
Ist day after injection 19 18 26 
26 26 33 
8rd ” ” ” 31 28 34 
Day of fasting 27 22 
lst day after fasting 83 33 25 
2nd 34 80 


The excretion of phosphorus in proportion to the nitrogen is 
diminished on the day of injection, but no further alteration of im- 
portance was demonstrated. 


5. Eacretion of water. 


Taste XI. 
Exp. I. Exp. II. Exp. I. 
c.c. cc. C.c. 
Day of injection 290 100 105 
Ist day after injection 580 1000 940 
2nd ” ” ” 900 1150 adore 1100 
790 675 750 
Day of fasting 410 800 200 
Ist day after fasting 660 690 725 
and » ” 780 720 


The injection of large quantities of dextrose caused a temporary 
retention of water followed by an increased secretion. 


6. Haecretion of sugar. 
Taste XII. Proportion of sugar excreted in the urine. 


grma. grms. 
Exp. L 180 6°5 0°5 0:38 
Exp. I. 109 5-0 0°75 0-69 
Exp. II. 200 7-0 0-807 0:40 
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CONCLUSION. 


The chief results of these experiments is to show that the injection 
of large quantities of dextrose, from 5 to 7 grms. per kilo of body 
weight, subcutaneously, so that it is as far as possible acted on by the 
general tissues of the body and not dealt with by the liver or at once 
excreted by the kidneys, causes a marked increase in proteid metabo- 
lism. In fact dextrose or more probably an acid derivative of dextrose 
under such circumstances acts like such toxic agents as phosphorus, etc. 
poisoning the protoplasm. A diminution in the proportion of nitrogen 
built into urea is also caused, and in this respect the administration of 
dextrose produces an effect similar to that induced by giving diphtheria 
toxine’ or such drugs as sulphonal* which interfere with the metabolic 


1 This Journal, xxrv. p. 881. 1899. 
2 This Journal, xxv. p. 166. 1901. 
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NOTE ON THE ABSORPTION OF THE NITROGEN 
: OF OATMEAL BY THE DOG. By D. NOEL PATON. 


(From the Laboratory of the Royal College of Physicians of Edinburgh.) 

THE very large proportion of the nitrogen of the food which was not 

excreted in the urine in the first two experiments recorded by Dr 

Scott in the preceding paper suggests that the dog must have a very 

limited capacity for digesting and absorbing the proteids of such | 

vegetable foods as oatmeal. : 
After Dr Scott had completed his two experiments I used the same 

bitch for further observations and the amount of oatmeal given was 

reduced on two occasions with the following results :— 


I. Nitrogen balance in Dr Scott’s experiment. 


Intake 
Oatmeal 400 grms. (20 grms. per kilo.)= 8-60 grms. N. : 
Milk 700 c.c. 99 

Output in urine 500 


= 55°/, of N. of intake. | 
II. Nitrogen balance in second observation (four days’ average). 


= 26 °/, of N. of intake. 


Intake | 
Oatmeal 350 grms. (17°5 grms. per kilo.)= 7-52 grms. N. | 
Milk 700 grms. 2°62 ” ” 
| Total 1014 ,, ,, 
Output in urine 
Not absorbed 5:07 ” ”? 
= 50°/, of N. of intake. : 
III. Nitrogen balance in third observation (three days’ average). 
Intake 
Oatmeal grms. (10 grms, per kilo.) = 4°32 grms. N. 
Milk 700 c.c. =262 , 
Total 692 , 
Output in urine 
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These observations seem to show that in this dog the power of 
absorbing the proteids of oatmeal was small and that increasing the 
amount of meal in the diet had no influence on the excretion of nitrogen 


- in the urine. This corresponds closely with Dunlop’s observations on 


the effect of increasing the supply of vegetable proteids to prisoners’. 

In most of the metabolic experiments carried out in this Laboratory 
the dogs used have been kept on a diet of milk and oatmeal or Indian 
meal well boiled with water into a porridge. This diet has the 
advantage of producing well-formed feces, which are not offensive, which 
ean be readily removed from the cage, and which do not tend to mix 
with the urine. Dogs in confinement maintain their health on _ 
diet for long periods, 

On looking through the records of these experiments I find wide 


variations in the power of absorbing the proteids of these meals in 


different dogs. 


Spaniel bitch of 9°2 kilos. used for prement on diphtheria toxine’. 
IV. A. In February. ) 


Intake 

Indian Meal 200 grms. (22 grms. per kilo.) = 3°55 grms. N. 
Milk 700 cc. =3'28 » » 

Total 683 , 
Output in feces 

= 13°, of N. of intake. 
B tn Me. 

Intake (as above) | 6-83 grms, N. 
Output in feces 


= 15°), of N, of intake, 


VI. Pointer bitch (old) weighing 20-9 kilos, used for the same eaperinente, 
Slight loss of weight during experiment. 


Intake 
Oatmeal 12°9 grms, N. 
Milk 500 «.c, 2°34 34 
Total 15:24 
Output in urine 10:27 
Not absorbed | 


= 33°, of N. of intake. 


1 Report on Prison Dietaries, p.53. Laboratory Reports, 
of Edinburgh, Vol. vi1. 1900. 
2 This Journal, Vol. xxtv. p. 341. 1899. 
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OATMEAL AS FOOD FOR DOGS. 


VII. Setter bitch of 25°3 kilos. used in experiments on metabolism 


before and after splenectomy’. 


(gues Kr gv ar tan rom the experiment. book.) 


Intake 
Oatmeal 300 grms, (12 grms. per kilo.) = 6-45 grms. N. 
Milk 500 c.c. =2:34 5 

Total 8-79 
Output in urine 
Not absorbed 2°92 


= 33 °/, of N. of intake. 


VIII. Setter bitch weighing 18°5 kilos. used for experiments on the 


influence of drugs on the metabolism’. 


Intake 
Oatmeal 500 grms. (26 grms. per kilo.) = 10°75 grms. N. 
Milk 700cc. = 328 ,, 
Total 14-03 03 ,, 
Output in urine 12-05 ” 


= 14°/, of N. of intake. 


IX, Retriever bitch weighing 28 kilos, used by Dr Scott in his third 


experiment. 
Intake 
Oatmeal 200 grms, (7 grms. per kilo.) = 4°30 grms. N. 
Milk 500 c.c. = 1°83 ey 
Total 6-13 
Output in feeces 113, 


= 18°), of N. of intake, 


1 This Journal, Vol. xxv. p. 443. 1900. 
2 This Journal, Vol. xxvt. p. 166. 1901. 
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ON THE RESIDUAL PRESSURES IN THE VASCULAR 
SYSTEM WHEN THE CIRCULATION IS ARRESTED. 
By LEONARD HILL, M.B., F.R.S. (Eleven Figures in Text.) 


In 1892 Mall’ published experiments whereby he proved that the 
carotid pressure in the dog may be considerably raised on exciting the 
splanchnic, nerves after occlusion of the aorta just beneath the left 
subclavian artery. The rise was thus produced at a time when the 
femoral artery contained no blood. Thus the rise could not be attri- 
buted to increased resistance in the arterioles. | 

Mall showed that this result was due to vaso-constriction of the 
portal system. He connected up the carotid manometer in such a way 
that any rise of arterial pressure made an electric contact whereby the 


_ other carotid artery was opened and blood allowed to escape. By this 
means he found that in dogs weighing about 10 kilo from 20 to 192 c.c. 


of blood were expelled from the portal system on excitation of the 


splanchnic nerves. 


Taking the total blood quantum according to Haldane’ s estimate 
as yz, of the body weight (Mall takes it as 7.) this would mean that 
from 4 to 58°/, of the total blood quantum may be expelled from the 
portal system on the reduction of its capacity by vaso-constriction. 

Mall accepted Weber’s doctrine of the circulation, and this doctrine 
has also been accepted by Bayliss and Starling*. The latter authors 
state that an increase in peripheral resistance must always connote a 
rise in the “ mean pressure ” (hydrostatic) of the system brought about 
by the diminution of its capacity. “The amount of blood forced out of 
the arterioles may be sufficient to distend both arterial and venous 
trunks more than before.” “'The contraction of these vessels (arterioles) 
not only increases the peripheral resistance but also diminishes the total 
capacity of the system, so that we have the same effect produced as if 
more fluid were poured into a system of the original capacity.” 


1 Arch. f. Physiol. p. 409. 1892. - 
® This Journal, xv1. p. 167. 1894. 
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The mean hydrostatic pressure of a circulatory scheme according to 
Weber’s doctrine is arrived at by measuring the pressure at each 
centimetre of the system, adding the pressures and dividing by the 
number of centimetres which make up the length of the system. 

In the vascular system the mean hydrostatic pressure can be 
reckoned with sufficient accuracy, if the pressure be taken at two or 
three points of the system, and be found to be the same when the heart 
is in arrest. It must be borne in mind however, supposing the pressures 
are found to be the same, that the capacity of the vascular system 
under the condition of arrested circulation will be far from normal. 
For example the arterial side will be constricted. 

In a former paper in conjunction with Mr Barnard I brought 
forward evidence to show that it was not possible to obtain the true 

mean hydrostatic pressure by measuring the pressures in the aorta and 
vena cava when the heart is arrested. We also put forward evidence 
to prove that the rise of arterial pressure brought about by splanchnic 
_constriction is due to the increased peripheral resistance and alterations 
in the energy of the heart, and is not due to an increase of 
mean hydrostatic pressure brought about by a reduction in 
capacity of the vascular system. 

In this paper I shall describe further experiments which I have 
carried out (1) to determine the origin of the positive pressures which 
are observed in the aorta and venz cave when the circulation is 
arrested ; (2) to find out exactly how constriction of the portal system 
raises the arterial pressure when the aorta is occluded below the sub- 
clavian artery as in Mall’s experiments. 

In regard to (1) MacWilliam has recently stated’ that the - 
pressures are equal on both sides of the heart after death, and are 
2—3 mm. Hg or 25—40 mm. of blood i in the rabbit and somewhat more 
In the cat. 

In regard to (2) it is clear that Mall’s results may be oxplaised by 
supposing that the reduction in portal capacity increases the filling, and 
so the output of the heart. 

It requires to be determined whether the introduction of } to $ of 
the blood quantum into the vena cava inferior does raise the residual 
pressure in the vascular system when the circulation is arrested. 

I have measured the aortic and vena cava lateral pressures by intro- 
ducing cannule into the carotid artery and vena cava superior respec- 


1 This Journal, xxvu. p. 887. 1901. 
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tively, and connecting these cannule either with mercurial manometers 
or with manometric tubes filled with a 1°/, solution of sodium citrate. 
I have arrested the circulation (1) by excitation of the vagus; (2) by 
temporarily clamping the superior and inferior cava near where these 
vessels enter into the pericardium; (3) by clamping the pulmonary 
artery. 
The residual pressures have been measured when the manometers 
have come to rest and indicate a steady condition. , 
The zero pressures have been taken after each experimental obser- 
vation by clamping the vessels and opening the side tube- of each 
| By removing the clamps in the 2nd and $rd class of experiments 
| the circulation is restored, and the proof is thus gained that the 
| measurements are taken in the living animal. The circulation can, I 
| find, be arrested for more than 2 minutes and again be perfectly 
| restored. Sometimes it has been necessary to pinch the heart a few 
| times in order to start efficient beats. 
| I have found it possible to completely arrest the heart by vagus 
| excitation in the curarised and anesthetised dog, by stopping the 
| artificial respiration during the period of excitation, and thus have been 
| 
| 


able to measure the residual pressures under conditions in which the 
compressive action of the convulsive or dyspnaic respirations (due to 
cerebral anemia) are entirely eliminated. 
On arresting the circulation by the above means I find that there is 
a positive residual pressure in the aorta but this is always higher 
than that in the vena cava. The aortic residual pressure indicates the 
_ pressure which is required to overcome the resistance to the aortic 
outflow, and varies according as the peripheral resistance is small or 
great. The arterial side of the system contracts after arrest of the 
circulation until it contains but little blood. Its capacity is in nowise 
normal, | 
The residual vena cava pressure indicates the pressure under which 
the blood, driven from the arterial side, collects in the large veins and 
right side of the heart. The blood may also be driven into the large 
veins by the compressive action of the respiratory muscle, by the 
peristalsis of the intestines, and contraction of the spleen. The residual 
vena cava pressure is partly caused by the hydrostatic pressure of the 
column of blood which reaches (when the animal is horizontal) from the 
front wall of the chest to the vena cava cannula. In a curarised and 
anzsthetized animal, one in which the compressive action of the skeletal 
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and respiratory muscles is abolished, the residual vena cava pressure 
may barely exceed this hydrostatic pressure. _ 

The effects of injection of supra-renal extract, of abdominal com- 
pression, of the injection of fluid into the arterial or venous side, afford 
evidence that the residual pressures in the aorta and vena cava do not 
indicate the existence of a uniform mean hydrostatic pressure through- 
out the vascular system. 


EXPERIMENTAL OBSERVATIONS. 


The observations were made on cats and dogs under chlorofurm and 
ether anesthesia. Artificial respiration was employed when the thorax 
was opened in order that clamps might be placed on the venz cave or 
pulmonary artery. Curare was employed in addition to chloroform and 
ether in control experiments. 

A type of each series of experiments is given in the following. 

The points to be noted in this experiment are these. 

(1) After S.V.C.O. the residual arterial pressure was 18 mm. Hg, 
while the residual vena cava pressure became almost 0 mm. Hg. The 
fall in vena cava pressure was due to the passage of blood into the 
empty right heart and pulmonary system. 

At this stage of the experiment the vascular system was open 
throughout except for the clamp on the vena cava inferior. There 
existed widely divergent pressures on the two sides of the system. 

(2) After I.V.C.O. there was no alteration in the vena cava pressure 


until the arterial pressure rose on the complete restoration of the heart- 


beat. The vena cava pressure then increased contrary to the Weber 
doctrine. 

The explanation of such a result is I believe as follows—when the 
ven cave are clamped, the blood, expelled from the right heart, lungs, 
and arterial system, distends the systemic and portal veins and 
especially the liver. Pressure is required to produce rather than to 
maintain the distension of these vessels, for the distended veins’ and 
capillaries (especially those of the liver) have but little elasticity. 
Thus when the clamps are removed and the roomy chambers of the 
heart and lungs fill, the pressure in the vena cava falls almost to zero, 

As the splanchnic system is already full when the circulation 
restarts, the rise of arterial pressure and consequent blood flow causes 
@ rise in vena cava pressure. This continues until the excess of meen 
in the venous side is transferred to the arterial side. 
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Serres 1. Ligation of the vene cave. 


| Fig. 1. Cat. 
A, Normal aortic pressure 108 mm. Hg. Normal vens cava pressure 1-2 mm. Hg. 
B. Curarised, artificial respiration, thorax open. 
_ Aortic pressure 66 mm. Hg. Vena cava pressure 0 mm, Hg. 
V.C.C. Both venw cave clamped close to the heart. 
Residual aortic pressure 17 mm. Hg. Residual vens cava pressure 9 mm. Hg. : 
S.V.C.O. Superior vena cava unclamped. 

Residual aortic pressure 18 mm. Hg. 

Residual vena cava pressure almost 0 mm. Hg. 

The heart slowly filled and at last started beating. 

I.V.C.O. Inferior vena cava unclamped. 

The vena cava pressure remained unaltered, but finally rose to 16 mm.Hg 
when the arterial pressure rose to 98mm.Hg. Subsequently the vena cava 
pressure returned to the same level as that previous to the arrest of the 
circulation. 


It is only in the first stage of complete curarisation that the 
inhibitory action of the vagus is fully manifested when the artificial 
respiration is discontinued. The respiratory movements evidently 
excite the heart to escape. The result shown here is not always 
obtained in so marked a form. It is not possible to arrest the heart in 
the cat by stopping the artificial respiration during vagus excitation. 

The vena cava pressure is unchanged in spite of artificial respiration 
and the drop in arterial pressure from 165 mm. Hg to 80 mm. Hg. 

_ The relaxation of the arteries brought about by curare is indicated 
by the fall in arterial pressure from 165 mm. Hg to 80 mm. Hg. Part 
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Series 2. The effect of excitation of the peripheral end of the vagus 
m the normal anesthetised and curarised ancesthetised dog. — 


Fig. 2. 

A. When artificial respiration is continued. 

B. When artificial respiration is discontinued. 
Normal aortic pressure 76 mm. Hg. Normal vena cava pressure 3 mm. Hg. 
Vagus excited and heart arrested. , | 
Residual aortic pressure 13 mm. Hg. Residual vena cava pressure § mm. Hg. 


of this fall may be due to diminished cardiac energy. The resistance 
to aortic outflow is greatly diminished, and the pom aortic pressure 
is lowered from 30 mm. Hg to 14 mm. Hg. 

The residual pressure in the vena cava is ‘ai 2 mm. Hg i In excess 
of the hydrostatic pressure of the column of blood (5 cm. in height) 
which extended from the cannula to the front of the thorax. The 
relaxation of the skeletal muscles and abolition of the compressive 
action of the dyspnesic respirations brought about by curare lowered the 
residual vena cava pressure from 14 to 6 mm.Hg. The subsequent rise 
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Fig. 3. Dog. Natural breathing. Both vagi divided. 
Normal aortic pressure 165 mm. Hg. 
Excitation of peripheral end of one vagus, | 
Residual aortic pressure 80mm.Hg. Maximal residual vena cava pressure 14 mm. Hg. 
The vena cava pressure was raised to this level by convulsive respiratory movements. 
The aortic pressure was unaffected thereby. The height of the sternum above 


the vena cava cannula was 5 cm. This would give a hydrostatic pressure of 
almost 4 mm. Hg. 


Vena cava pressure 3 mm. Hg. 


Fig. 4. Same dog as in Fig. 2. Curarised. Artificial respiration. 
Aortic pressure 80 mm. Hg, Vena cava pressure 8 mm. Hg. 
Excitation of peripheral end of vagus. 


‘Residual aortic pressure 14 mm. Hg. Residual vena cava pressure 6 mm. Hg. 
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of arterial pressure from 14 to ane: mm. Hg, only lowered the vena cava 
pressure from 6 to 3 mm. Hg. 

These experiments show that a mean hydrostatic pressure cannot 
be obtained by measuring the pressures in the aorta and vena cava 
during vagus arrest of the heart, and that the vena cava pressure is 
altered very slightly by very large variations in arterial pressure. 


4 


3. Supra-renal injected, and pulmonary artery 
clamped. 


Fig. 5. Cat. 


A. Rise of aortic pressure produced by injection of supra-renal extract. 
B. Pulmonary artery occluded and circulation arrested. 


The arterial pressure falls very slowly to the residual pressure owing to the 
increased resistance to the aortic outflow, 


Final residual arterial pressure 20 mm. Hg. 
Final residual vena cava pressure 12 mm. Hg. 


The residual vena cava pressure was unaffected by the reduction in capacity 
brought about by this drug, for it was the same before as after the injection. 
The normal vena cava rise of arterial 
pressure from 80 to 180 mm. | 


This experiment shows that the residual arterial pressure depends on 
the resistance to the arterial outflow and is neither the same, nor due to . 


the same causes, as the residual vena cava pressure. 


PH. XXVIII. 9 
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Serres 4. Pulmonary. artery clamped with and without 
compression of the abdomen. 


Fig. 6. Cat. 
Normal aortic pressure 85 mm. Hg. Normal vena cava pressure 1 mm. Hg. 
Pulmonary artery clamped. 
Residual aortic pressure 14 ie a Residual vena cava pressure 5-6 mm. Hg. 
Abdomen firmly compressed from upwards. | 
The residual vena cava pressure rose 8 mm. Hg. 
The residual aortic pressure rose 2 mm. Hg. 


This experiment shows that the residual aortic and vena cava 


pressures are not the same, and that the arterial side of the system 
becomes almost empty on arresting the circulation. 


Figs. 7a; 7b. Cat. 
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Aortic pressure 120mm.Hg. Vena cava pressure 6 mm. Hg. 


Pulmonary artery clamped. oe 

Residual aortic pressure 20mm.Hg. Residual vena cava pressure 13-14 mm. Hg. 
Pulmonary artery unclamped. 
Fig. 7b. Abdomen firmly bandaged. 7 

Aortic pressure 114mm.Hg. Vena cava pressure 6 mm. Hg. 

Pulmonary artery clamped. 

Residual aortic pressure 25 mm. He. Residual cava vena pressure 17 mm, Hg. 


On arresting the circulation when the abdomen is bandaged the 
aortic pressure falls slowly and the aortic residual pressure is 5 mm. Hg 
higher owing to the increased resistance to the arterial outflow. The 
vena cava pressure is initially but not permanently raised by bandaging 


SERIES 5. Pulmonary artery clamped, and fluid injected into 
venous system. 


xx 


Fig. 8. Cat. 


_ Aortie pressure 125 mm. Hg. Vena cava pressure 3 mm. Hg. 


Pulmonary artery occluded. 
Residual aortic pressure 24mm.Hg. Residual vena cava pressure 9 mm. Hg. 
The influence of the dispneic respiration is shown on the residual vena cava 


| pressure. 
30 c.c. of normal saline solution rapidly injected into femoral vein. 


2 mm. Hg in vena cava pressure during the injection, and of 0 mm. Hg after. 
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the abdomen when the circulation is proceeding. The residual vena 
‘cava pressure is only raised 3—4 mm. Hg. by the great reduction in the 
capacity of the system, brought about by the bandage. | 
‘ The introduction of about 1 of the blood content had no effect on | 
the residual arterial pressure. Therefore the residual aortic and vena 
cava pressures cannot be taken as indicating the mean hydrostatic 
pressure, The insignificant effect on the residual vena cava pressure 
and the nil effect after the injection, show that the amount of fluid in 
the venous side can be increased without perceptibly affecting the 
pressure in the vena cava. The veins and capillaries, and especially 
those of the liver, are distended by the injection pressure, and the 
elasticity of the distended vessels is almost ni. 

Experiments of the same kind were carried out with water 
manometers. | 


Dog. Weight 8 kilos. Aortic and vena cava measured with manometers filled with 
1°), sodium citrate. 


Time 
8.17’ Pulmonary artery occluded, 
_ Residual aortic pressure 114 mm, H,0. 
Residual vena cava pressure 89 mm. H,0. : 
8.18 to 3.19 Convulsive respirations drove residual vena cava pressure to 204 mm. HO. 
: Aortic pressure remained the same and was not affected by the respirations. 
The clamp was removed and the circulation restored. 
8.30 | 10m. of chloroform injected intravenously. The heart ceased to beat. 
Residual vena cava pressure equalled 64 mm. H,0. | 
On deducting the height of the chest-wall above the vena cava this was 
equivalent to a positive pressure of 25 mm. H,0. 
Residual aortic pressure 70 mm. H,0O. 
3.82 100¢.c, normal saline injected into femoral vein. 
The residual vena cava pressure rose to 127 mm. H,0. 
The residual aortic pressure did not alter. 
- Three minutes after the injection the residual vena cava pressure had fallen 
and the aortic had risen to 76 mm. H,0O. 
Ten minutes later the residual sortie pressure was 68-mm.H,0, and the 
residual vena cava pressure 56 mm. H,0, 


solution of sodium citrate. 

The aortic manometer was filled with the solution to the height of 300 mm. H,0, and 
the clip was maintained on the artery until the pulmonary artery was clamped. 

The normal vena cava pressure equalled 38 mm. H,0. 

On clamping the pulmonary artery the aortic pressure fell to 182 mm. H,0, while the 
vena cava pressure rose to 122 mm. H,O. The residual pressures remained perfectly 
steady at this level, 

80 c.c. of normal saline at body temperature were then allowed to run very rapidly 
into the femoral vein at a pressure of 1000 mm. H,0. The vena cava pressure rapidly 
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rose, and had reached a pressure of 430 mm. H,0 by the time the injection of fluid ceased. 
The aortic pressure rose very slowly at first, but in the later stages of the injection rising 
more rapidly reached 237 mm. H,O. The vena cava pressure fell rapidly the moment the 
injection ceased, and passed below the aortic pressure, which for a few moments continued to 
rise while the vena cava pressure was falling. Finally the aortic and vena cava pressures 
fell to the same level, viz., 144 mm. H,0. | 


Thus the injection of fluid to the extent of almost 4 of the cat's 
blood only raised the vena cava pressure about 2 mm. Hg. 

On repeating the injection the two pressures rose together almost 
synchronously, and to the same amount. I believe that this result is 
due to the dilatation of the arterioles brought about by the first. injection. 

In such experiments the liver becomes distended by the injected 
fluid. Some of the fluid transudes through the surface of the liver, and 
bedews the latter with drops of fluid. The secretion of urine which 
ceases almost immediately after the circulation is arrested, is not re- 
established by the intravenous injection of the saline solution. 

The results are obtained with such rapidity that they cannot be 
explained by the escape of the injected fluid out of the vascular system. 


SERIES 6. Pulmonary artery clamped, and fluid injected 
into the arterial side. 


Fig. 9. Cat. 
Normal aortic pressure 76 mm. Hg. Normal vena cava pressure -1 mm. Hg. 
Pulmonary artery clamped. 


Residual aortic pressure 5 mm. Hg. Residual vena cava pressure 2mm.Hg. — 
Injection of normal saline solution into the femoral artery at a pressure of 90 mm. Hg. 


2 
a “Al 
alg 
. 
® 
Px 
= 
q 
x 
at 
q 4 
4 
; 
J 
if 
‘a 
uy ag 
4 
q 
4 
& 
A 
i¥ Wy 
j 
‘ 
ee 
a 
b 
4 
» 
¥ 
Mec 
‘ 1% 
ig 
¢ 


Fig. 10. Continuation of tracing 9, showing the end of the period of injection. In all 
80 c.c. of saline were injected. 

The resistance to arterial outflow was in this case very slight as is shown by the low 
residual aortic pressure. So easily did the injegted fluid escape into the venous 
system that the aortic pressure only rose (during injection at 90 mm.Hg) to 
10 mm. Hg. 

The inflow through an artery of the size of the femoral was not sufficient to raise the 
arterial pressure to a greater extent. The residual vena cava pressure rose slowly 
and finally reached the same pressure as the aorta, viz. 10mm.Hg. On stopping the 
injection both pressures fell at once to 5 mm. Hg. 

When the circulation was re-established the vena cava pressure remained at 4-5 mm. Hg. 


Fig. 11. 
Normal arterial pressure 170 mm. Hg. Normal vena cava pressure 3°5 mm. Hg. 
Pulmonary artery clamped. 
Residual arterial pressure 21 mm. Hg. Residual vena cavapressure 12 mm. Hg. 


30 ¢.c. of defibrinated cat’s blood injected at body temperature into the femoral artery 
at a pressure of 120 mm. Hg. 

The residual arterial pressure during the injection rose to 62 mm. Hg. 

The resistance to arterial outflow was considerable in this case, 

The residual vena cava pressure was unaffected during the first half of the injection period. 


It finally rose from 12 to 14mm.Hg. After the injection the residual pressures fell to 
almost their former levels. 
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Cat. 90 c.c, of normal saline had previously been injected into this animal. 


Aortic pressure 67 mm. Hg. Vena cava pressure 8 mm.Hg. 
Pulmonary artery clamped. | 
Residual aortic pressure 17 mm. Hg. Besidual vena cava pressure 17 mm. Hg. 


The residual pressure had become the same after the previous ene OF 0. 


. galine solution. 


residual pressure was unaffected thereby. 

On injecting 30 c.c. of normal saline solution into the femoral artery at a pressure of 
120 mm. Hg. the femoral pressure rose smartly to 48 mm. Hg. while the vena cava pressure 
responded by a slighter and much less rapid rise to 27 mm.Hg. After the injection both 
pressures fell to 16 mm.Hg. On repeating the injection a little later, the pressures in both 
vessels rose synchronously and to the same extent, viz. to 26mm.Hg. After the injection 
they fell to 19mm.Hg. I have frequently noticed this difference in effect between a first 
and a second injection. I believe that at the time of the first injection the arterioles were 
constricted, while at the time of the second injection they were widely dilated. The 
dilatation, I believe, is brought about by the first sudden and forcible injection of 
warm saline, 


Thus the injection of saline in quantity equal to almost } of the 


cat's blood raised the residual vena cava pressure only 3 mm. Hg. 
and produced a mean pressure of 5 mm. Hg. throughout the system. 


Series 7. Residual pressures in the dead animal. 


Cat. The aorta and vena cava pressures were recorded by water 
manometers. The heart was paralysed by the intravenous injection of 
chloroform. After 5 to 10 minutes the pressures reached the same level 
24 mm. above the top of the cat’s thorax. On compressing the abdomen 
the vena cava pressure rose freely and at once, while the aortic pressure 
altered very slightly. The blood had passed into the venous side, and 
the arteries were contracted and almost empty. After several hours the 
pressures sank to a level below the cat’s sternum. On opening the aorta 
no blood was found within. As the arterial side is contracted and 
almost empty it is not possible to consider the uniform pressure of 
24 mm. H,0 as the normal mean hydrostatic pressure of the vascular 
system. 


CONCLUSIONS. 


‘If there exist a positive mean hydrostatic pressure in the vascular 
system it must be produced by the osmotic pressure of the blood, or by 
some selective power of the capillary epithelium. The blood vessels 
must possess a power of taking up water greater than that of the tissues. 

These experiments do not favour the existence of a positive mean 
hydrostatic pressure, They prove at any rate that such cannot be 
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measured when the circulation is arrested by various means. The 
residual aortic pressure is neither the same nor due to the same causes 
as the residual vena cava’pressure, The residual pressures are neither 
equally nor synchronously affected by compression of the abdomen. An 
amount of fluid equal to $ of the blood can be injected into the vascular 
system without increasing the residual pressures. Intravascular 
injections do not raise the arterial pressure (when the circulation is 
proceeding) by materially increasing the mean hydrostatic pressure of 
the system, but by increasing the diastolic filling, and so the systolic 
output of the heart. On exciting splanchnic constriction the reduction 
in capacity of the splanchnic area only slightly increases the vena cava 
pressure, This slight rise notably increases the diastolic filling and 
systolic output of the heart, as is shown by F. Mall’s results. The 
mean hydrostatic pressure cannot be considered a factor in the production 
of his results. The two factors are increased peripheral resistance, and 
increased systolic output. 

Reduction in. capacity in the inlanchnic area is of importance in so 
far as it increases the diastolic filling, and so the systolic output of the 
heart. The venous side of the vascular system when distended by the 
injection of considerable quantities of fluid possesses little elasticity, and 
thus the vena cava pressure is raised very slightly either by injection of 
fluid or splanchnic constriction. The expansion of the blood vessels in 
such an organ as the liver which follows intravascular injection of fluid, 
increases the areas of surface exposure of the blood, i.e. the filtration 
surface. This must be a factor in the transudation of lymph, and one 
which, perhaps, has not hitherto received sufficient attention. 


The research has been carried out with the help of a grant from the 
Royal Society Government grant. 
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PANCREATIC DIASTASE, AND ITS ZYMOGEN. By H. M. 
VERNON, M.A., M.D., Fellow College, Oxford. 
(Six Figures in Text.) 


(From the Physiobogical Oxford.) 


THE existence of a zymogen of the disstatic ferment of the pancreas 
was first suggested by Liversidge’ in 1874. This observer found that 
if the diastatic ferment were removed from minced pancreas by long- 
continued washing with water, the gland substance would still yield 
an active extract if exposed to the air for a few hours and then 
re-extracted. 

In the case of the salivary glands and the saliva, the evidence in 
favour of a zymogen is rather more definite. Goldschmidt’ found © 
that if the saliva of the horse were collected under aseptic conditions — 
it was quite inactive on starch, even if warmed with it for 14 days. If 
air containing bacteria were allowed to get at it, however, it became 
active, though only slightly so until a day or two had elapsed. As 
Goldschmidt himself recognises, this diastatic action may have been 
brought about entirely by the bacteria, though perhaps more probably 
by a ferment liberated from previously existing zymogen. Again, 
Latimer and Warren® have found that in some cases salivary glands, 
especially those of the sheep, will yield no trace of diastatic ferment on 
extraction with chloroform water, but if they first be treated with dilute 
acetic acid an active extract is obtained. Lastly, Green‘ found that 
if filtered saliva were kept under antiseptic conditions it might double 
its diastatic power in the course of 15 days at room temperature. 
Exposure for some hours to the red rays of the spectrum also might 
increase its diastatic power by over 50°/,. 


1 Journ. Anat. and Physiol. vu. p. 23. 1874. 
2 Zeitschr, f. physiol. Chem. x. p. 273. 1886. 
3 Centralb. f. Physiol. vi. p. 211. 1894. 
4 Phil. Trans. Roy. Soc. 1897. B. p. 167. 
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These results seem to show that the diastatic zymogen of the 
salivary glands is, like the zymogens of trypsin, pepsin, and rennin, a 
soluble body. In the case of the pancreas, however, Liversidge’s 
results seem to indicate that the zymogen is insoluble in the extracting 
media employed, viz., water and glycerin. 


The changes of ferment activity in kept extracts. 

With a view to obtaining further evidence of the existence of a 
diastatic zymogen, the various extracts of pancreas referred to in 
a former paper’ in connection with rennetic and tryptic values were — 
similarly examined every few days in respect of diastatic value. For 
this purpose small quantities of the extracting liquids were filtered off 
from the gland substance with which they otherwise always remained — 
in contact. The diastatic value was determined by a modification of 
Roberts’s achromic point method, which has already been described in 
detail in another paper. It may be mentioned here that the curves 
given below in Figs. 1, 2, 3, 4, 5 and 6, represent the diastatic values 
of extracts of which the rennetic (or tryptic) values are recorded in 
respectively Figs. 2 and 6, 5, 3, 4, 1, and 8, of the former paper. 

Extracts of pig’s pancreas were found to be very much more active 
than those of any other glands examined. Roberts® found the diastatic — 
values of 20°/, alcoholic extracts of four different glands to be respec- 
tively 166, 100, 100 and 100; whilst 20°/, aqueous, saturated salt and 
alcohol extrac‘s of one gland examined by me attained the maximum. 
values of respectively 277, 312 and 289. Again, normal saline, alcohol 
and glycerin extracts of five other glands minced together attained 
values of respectively 361, 290 and 312. A value of 300 means that 
lec. of the extract, acting at 38°, has the power of converting 300 c.c, 
of 1°/, starch mucilage to the “achromic point ”—as tested with dilute 
iodine—in five minutes. Of the other extracts examined, those of dog’s 
pancreas come next in order of activity, the glycerin, aqueous, normal 
saline, and alcohol extracts having diastatic values of respectively 166, 
88, 82 and 48. Then come extracts of human pancreas, with values 
varying from 55 to 26: then those of sheep's pancreas, with values of 
44 to 21; and lastly those of ox pancreas, with values of 16 to 10. 
It is probably the rule for ox pancreas extracts to be deficient in 
amylolytic ferment, as the extracts of four different glands examined 
by Roberts had values of only 8, 10, 9 and 13 respectively. 


1 This Journal, xxvu. p. 269. 2 Ibid., xxvu. p. 178. 
3 Proc. Roy. Soc, xxxu. p. 154. 1881. 
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The variations of diastatic power shown by the extracts of pig’s 
pancreas are recorded in the accompanying figure. The dotted line 
curves are for extracts of the single gland. It will be seen that in every 
case the diastatic value fell off very much more rapidly than in the 
extracts of the mixed glands. This was presumably owing to the fact 
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Fig. 1. Pig’s pancreas. 


that they were made in the middle of August whilst the other extracts 
were made in the middle of April, or at a much cooler time of year. 
So rapid was the deterioration that the value of the saturated salt 
extract fell from 312 to 158, or to about half, between the first and second 
days of extraction. 12 days later it was only j,th its original amount, 
and 24 days later, ;4;th. The aqueous extract also fell off very rapidly, 
but the alcoholic remained constant between the Ist and 2nd days, and 
again between the 4th and 11th days. As the rate of destruction of 
the enzyme in this extract must have been more or less regular through- 
out it is probable that these irregularities indicate that a certain 
amount of undecomposed zymogen existed until the llth day. The 
extracts of the other glands also seem to indicate this. Thus both the 
normal saline and the alcoholic extracts took five days before they 
attained their maximum values, whilst the 75°/, glycerin extract of 
normal gland substance, and that of gland substance kept 25 hours 
before extracting, had not attained a constant value even after eight 
months’ extraction. During the whole of this period, therefore, unde- 
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composed zymogen was in all probability present. It may be thought 
that the rise of diastatic value noted in the other two extracts during 
the first seven days was due merely to the ferment passing slowly 
into solution. Such gradual solution is undoubtedly a possible factor 
in the case, and the degree of importance to be attached to it will be 
discussed later. It may be mentioned that the gland substance was 
finely minced before extraction, and was shaken up frequently after the 
addition of the extracting liquid, so that the ferment might be taken 
up as rapidly as possible. 

It may perhaps be thought that this proof of the existence of a 
diastatic zymogen is somewhat wanting in clearness and exactness. 
Unfortunately it seems to be the only one available. I can thoroughly 
confirm Liversidge in his conclusion that the zymogen is insoluble ; 
not only in water and glycerin, but in other media such as salt 
solutions and dilute alcohol. Though I made numerous observations 
I never obtained a filtered extract which on keeping showed any 
increase of diastatic power: that is to say, provided that the filtration 
was complete. Thus once or twice a filtrate containing fine particles in 
a state of suspension was obtained, which did show a slight increase of 
diastatic power. The property of insolubility is not peculiar to this 
diastatic zymogen, for I have found! that considerable amounts of the 
zymogens of trypsin and rennin are insoluble during the first few days 
of extraction of pancreatic tissue, their ultimate solution probably 
depending on the digestive action of the active trypsin. 

The next figure shows the diastatic values obtained with extracts 
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Fig. 2. Sheep’s pancreas. 


Loc. cit. p- 294. 
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of four sheeps’ glands minced together. These extracts were made in 
April, and it will be seen that the deterioration of diastatic power in | 
the normal saline and alcoholic extracts was comparatively slow. These 
extracts reached their maximum value after respectively two and eight 
days, the greater maximum attained by the saline extract being almost 
certainly due to the favourable influence exerted on the ferment action 
by the small quantity of salt present’. The diastatic value of the 
alcoholic extract after eight days was more than treble its value after 
one day, so considerable quantities of zymogen must have been present. 
The 75°/, glycerin extract attained nearly its maximum value after 
eight days, but 78 days later it showed a further slight rise. The next 
figure gives the values obtained with extracts of two sheeps’ glands. 
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Fig. 3. Sheep’s pancreas. 


Diastatic value 


These extracts were made in August, and, as in the corresponding 
extracts of pig’s pancreas, the rate of deterioration is considerably more 
rapid than in the extracts made in April. As before, the alcoholic extract 
gave the most interesting result, for it had a value of only 5°9 after 
1 day’s extraction, and more than quadrupled this value 11 days later, 


1 Cf. this Journal, xxv. p. 184. 
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when the maximum was reached. The glycerin extract was made with 
concentrated glycerin in the first instance, but after 14 days’ extraction 
an equal volume of water was added. This caused the extract to 
attain its maximum value in another 14 days, and then to deteriorate 
somewhat. We see that the saturated salt extract retained its initial 


_ power almost undiminished for 12 days, and then very rapidly dete- 


riorated. Probably, therefore, during these days the ferment was 
undergoing an equally rapid destruction, but this was masked by the 


‘liberation of fresh enzyme from zymogen. 


Extracts of dog’s pancreas showed great variations in their maximum 
degree of activity, for whilst the 50°/, glycerin extract had a diastatic 
value of 166, the next most active extracts, the aqueous and normal 
saline ones, had values of ead 88 to 82. There must have been a very 
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Fig. 4. Dog’s pancreas, 


rapid destruction of enzyme in all but the giycerin extract therefore, 
and even in this case there was a considerable deterioration after 
30 days’ extraction. Also this glycerin extract is the only one which 
shows much indication of zymogen. The alcoholic extract showed a 
slight increase of activity until the 12th day, but the initial increase 
shown by the aqueous and normal saline extracts cannot be accepted 
with any certainty as indicating the presence of zymogen. Thus these — 
extracts were first tested after only three hours’ extraction, or probably 
before all the enzyme actually present had passed into solution: still, 
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the alcoholic extract showed practically no increase of activity between 
the 3rd hour and the 2nd day, so in its case at least the extraction was 
exceedingly quick. 

It will be noticed that the aqueous and saline extracts of dog’s 
pancreas underwent a very-rapid deterioration in power. They were 
made in October, and so did not experience at all a high temperature. 
A rapid deterioration was noticed also in the rennetic power of the 
extracts!, though this did not set in until after 12 days’ extraction. 

In the case of an ox pancreas, seven different extracts were made 
and examined, All of these, with one exception, seem to indicate 
the presence of zymogen for a varying number of days. The alcoholic | 
extract reached its maximum after 5 days, the value it then attained 
being nearly four times that observed after one day’s extraction. The 
aqueous, normal saline and saturated saline extracts attained their 
maxima after 9 days’ extraction, and then deteriorated fairly rapidly. 
The concentrated glycerin extract had not attained a constant value 
even after 15 months’ extraction, but some of it to which an equal 
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Fig. 5. Ox pancreas. 


60 79° 


volume of water was added after 18 days’ extraction, immediately 
showed a much more rapid rise of activity, and reached its maximum 
value 44 days later. 


1 Cf. this Journal, xxvu. p. 275. 
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The next figure shows the results obtained with human pancreases. 
The dotted line curves are for extracts of a gland obtained from a 
woman dying of diabetes, whilst the other curves represent extracts of 
a healthy gland, obtained from a young man dying from an accident. 
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Fig. 6. Human pancreas. 


These extracts were not made till 36 hours after death (and 7 hours 
after removal of the gland from the body), whilst those of the diseased 
gland were made 8 hours after death. Probably this difference in the 
time of the extraction is accountable for the fact that most of the long- 
delayed extracts show no indication of the presence of zymogen, whereas 


the comparatively quick ones afford striking evidence as to its presence. 


Thus in their case the normal saline extract doubled its value between 


‘the Ist and 6th days, and the alcoholic extract nearly quadrupled it 


between the Ist and 13th days. The 75 °/, glycerin extract reached its 
maximum after 50 days, and then deteriorated slowly. The glycerin 
extracts of healthy man’s pancreas show that the gland tissue must 
have contained considerable quantities of zymogen at the moment of 
extraction, for the diastatic value of the 50°/, glycerin extract was 
nearly trebled between the 3rd and 20th days. This extract then 
deteriorated considerably more rapidly than the 75°/, glycerin extract 
of the other gland, hence the additional water, though it led to a more 
rapid liberation of enzyme from zymogen, also led to a more rapid 
destruction. The concentrated glycerin extract of man’s pancreas, like 
that of ox pancreas, only very slowly developed its ferment activity, 
and even after 6 months’ extraction had not attained a constant value. 
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It will be noticed that, contrary to expectation, the extracts of 
healthy man’s pancreas had, with one exception, considerably lower 
diastatic values than the extracts of diseased woman’s pancreas. How 
far, if at all, was this due to the destruction of ferment caused by the 
long delay in the extraction of the gland substance? To answer this 
question the values obtained with other extracts of kept gland 
substance must be discussed. To take them in order, we see that in 
Fig. 1 a 75 °/, gkycerin extract of gland substance kept 25 hours before 
extraction had initially a slightly higher value than the corresponding 
extract of fresh gland substance, but that subsequently it had a slightly 
lower value. In Fig. 2 we see that the 75°/, glycerin extract of gland 
substance kept 63 hours before extraction had throughout a distinctly 
lower diastatic value than the extract of normal gland substance, hence 
the longer exposure to the air must have induced a greater ferment 
destruction. The observations on dog’s pancreas show that no ferment 
at all need be destroyed if the time of exposure is not excessive. Thus 
we see in Fig. 4 that the normal saline extract of gland substance kept 
28 hours before extraction had throughout a slightly greater diastatic 
power than the similar extract of fresh gland substance. Some other 
observations—-not indicated in the figure—were made on gland sub- 
stance kept 70 hours before extraction. In this case the destruction 
of ferment was considerable, as after 8 days’ extraction a normal saline 
extract had a diastatic value of only 143, whilst the similar extracts of 
fresh and of 28 hours’ kept gland had values of respectively 21 and 31. 
In the case of the ox pancreas a normal saline extract was made 
of some gland substance kept 60 hours before extraction. As can be 
seen in Fig. 5 this extract had for the first three weeks a considerably 
smaller diastatic value than the normal saline extract of fresh gland 
substance, but subsequently it deteriorated much less rapidly. As will 
be shown later, this was probably owing to the lesser acidity of the 
extract of kept gland. 

Undoubtedly, therefore, exposure of the gland substance to air before 
extraction does lead to a destruction of ferment, though this destruction 
seems to be but slight unless the period of exposure exceeds 20 or 
30 hours. In the case of the man’s pancreas, some of the gland 
substance was exposed to the air for an additional 13 hours before 
extraction, and as ean be seen in the above figure, the normal saline 
extract of this kept tissue was distinctly less active than the similar 
extract of unkept tissue. However, the proportion of diastatic ferment 
destroyed is very much less than was observed in respect of the 
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tryptic ferment, for in its case 25 -hours’ exposure might destroy 
five-sixths'. In fact, the diastatic ferment is somewhat similar in its 
behaviour to the rennetic, though on the whole rather more stable. 

If the efficiency of the various extracting media used be compared, 
it will be seen that glycerin easily ranks first. With concentrated 
glycerin, the conversion of zymogen into enzyme is too slow for 
ordinary purposes, whilst with 50°/, glycerin the ferment power was 
found to undergo a gradual deterioration after 20 or 30 days. With 
75 °/, glycerin, however, most of the zymogen is converted into enzyme 
in a very few days, and there is no sign of deterioration for 8 or 
more months. Next in order of efficiency comes 25 °/, alcohol, and in 
this medium half or two-thirds of the quantity of enzyme originally 
liberated may be still undestroyed after keeping the extract two or 
three months. Next in order, but considerably below it, come normal 
saline solution and water, and last of all, saturated salt solution. 
This last medium had an especially adverse influence on the ferment 
extracted from pig’s pancreas, it destroying all but a ,th of the initial 
amount in 7 days. Now it was found that this particular extract had 
practically no rennetic (and probably also no tryptic) power till after 
the 7th day of extraction, when the zymogen began rapidly to liberate 
its enzyme. The rennetic power attaihed nearly its maximum value 
after 40 days, when the diastatic power was almost nil (D =°43), so 
that by using this extracting liquid one can readily obtain a solution 
containing rennetic and tryptic ferments, but practically no diastatic. 
In the case of the salt extract of sheep’s pancreas, also, the rennetic 
power had attained nearly its maximum value after 42 days, when the 
diastatic value had sunk to 20. On the other hand, by the use of 
glycerin one can obtain an extract containing almost a maximum 
amount of diastatic ferment, but practically no rennetic or tryptic 
ferments. For instance, the 75°/, glycerin extract of pig’s pancreas 
represented in Fig. 1 had tryptic and rennetic values of respectively 
1-2 and 9°6 after 2 days’ extraction, and of 19 and 248 after 9 days’. 
After 47 days, however, the zymogens had set free their enzymes, and 
these values had risen to respectively 206 and 442: but during the 
whole of this time the diastatic value had varied only from 186 to 240. 
Somewhat similar variations occurred in the 75 ‘fs dines extract of 
sheep's pancreas. 

On the rennetic and tryptic of individoal extracts 


1 Cf. this Journal, xxv. p. 300. 
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with the diastatic, one almost invariably finds that the latter enzyme 
is liberated more quickly than are the former: it may be days or weeks 
quicker. It does not follow, however, that the diastatic ferment like- 
wise deteriorates more quickly. In the above-mentioned 75 °/, glycerin 
extract of pig’s pancreas, for instance, the tryptic value had fallen from 
its maximum of 208 on the 71st day down to 139 on the 158th day, 
the diastatic value having meanwhile -risen from 271 to 284. Again, 
the tryptic and rennetic values of the alcoholic extract of sheep’s 
pancreas had fallen from respectively 17°6 and 368 on the 30th day down 
to 7°9 and 62 on the 136th, whilst the diastatic value had meanwhile 
fallen only from 140 to 10°3. 

A comparison of the ferment values obtained with various extract- 
ing media thus affords a very convincing proof of the total independence 


of the diastatic from the rennetic and the tryptic ferment, whilst the ~~ 


use of saturated salt solution and of 75°%/, glycerin offers an easy 
method of partial isolation of the ferments. 


The physical factors involved in the extraction of ferment. 


It was suggested to me by Dr Langley that possibly the gradual 
rise of diastatic power observed in many of the extracts during the first 
few days was dependent on physical causes. The ferment might be 
physically adherent to the colloidal. proteids of the gland tissue, and 
might gradually break away from them owing to their partial solution 
by the freshly formed tryptic ferment, or to the increase in the acidity 
of the extracting liquid. Thus v. Wittich found’ that when fibrin is 
placed in a glycerin extract of pepsin, it readily absorbs the pepsin, and 
if subsequently washed, still retains some of it. 

With a view to testing the importance of physical factors, I 
mixed some finely chopped fibrin (which had previously been kept in 
50 °/, glycerin, but from which as much as possible of the liquid had 
been expressed) with half its volume of a 75 °/, glycerin extract of pig’s 
pancreas. This extract had a diastatic power of 285, and a tryptic 
power of about 30. The fibrin was pounded in a mortar with the 
extract from time to time, and after standing 24 hours it was wrapped 
in muslin, and most of the glycerin was squeezed out. Weighed 
portions of this ferment-saturated fibrin were then mixed with various 
extracting media, in the proportion of 1 part by weight of fibrin to 


1 Arch. f. d. ges. Physiol. v. p. 485. 1872. 
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4 parts by volume of liquid (7.¢., the same concentration as that of the 
extracts of normal gland substance). These fibrin extracts were shaken 
up at frequent intervals, and from time to time small quantities of the 
liquids were filtered off, and their diastatic value determined. Two 
estimations, or occasionally four, were made in each case, and a mean 
taken, so as to reduce the experimental error as much as possible. The 
results obtained are given in the accompanying table. Here it will be 


Extracting liquid lday Gdays l0days I3days days 25 days 


25 glycerin — 171 174 #4172 #%183 179 #%184 — 

15 ” > : 18°7 184 148 157 166 172 180 
Concentrated glycerin — 102 102 118 122 123 149 167 
25 °/, alcohol 100 184 1384 160 167 #4170 #4169 166 


seen that with-25%/, glycerin almost the whole of the ferment had 


_ passed into solution after 24 hours. This was not surprising, as owing 


to the dilution of the glycerin the tryptic ferment present was able to 
dissolve four-fifths of the fibrin even in this short period, and so the 
diastatic ferment of necessity passed into solution. A few days later all 
but about 5 °/, of the fibrin used had passed into solution. In the presence 
of 50°/, glycerin the rate of solution of the fibrin was much slower, and 
only about a half was digested in the first week. In the presence of 
75°, glycerin there was only a very slight amount of digestion after 
a fortnight, and in concentrated glycerin apparently no digestion at 
all. Taking the total amount of ferment extractable as roughly corre- 
sponding in all cases to a diastatic value of 180, we see that with 
50 °/, glycerin this maximum was not reached for 13 days. However, 
79 °/, of this amount was extracted in 24 hours, and 61 °/, in the short 
time of 14 hours. In the case of 75 °/, glycerin, the rate of extraction 
was not very much slower, for 76 °/, of the total amount was extracted 
in 1 day, and 87 °/, in 10 days. In the case of concentrated glycerin 
the extraction rate was distinctly slower, only 57 °/, having passed into 
solution after 1 day, and 68 °/, after 10 days. When dilute alcohol was 
used for extraction the maximum value—attained after 13 days—was 
slightly less than that of the glycerin extracts, but the rate of extraction 
was about the same as that observed with 50°/, glycerin. We see, 
therefore, that in the case of every extractive medinm but concentrated 
glycerin, three-fourths or more of the ferment was extracted in the 
first 24 hours. The observations were made in mid-winter, when the 
average temperature of the room in which the extracts were kept was 
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under 10° C., so at a warmer time of year the rate of extraction would 
probably have been quicker still. 

It was thought that perhaps the more heterogeneous proteids of 
gland tissues might be able to retain diastatic ferment more firmly | 
than fibrin, so some fresh, minced pig’s liver was mixed and pounded 
with half its volume of some of the same glycerin extract of pig’s 
pancreas, and allowed to stand 24 hours. It was not feasible to squeeze 
out any of the glycerin from the liver pulp, so weighed quantities of the 
mixture were extracted with water, 50°/, glycerin, and 25°/, alcohol. 
The first-named extracts would not filter clear, and so could not be 
tested, but the last-named gave the following values : 


24 hrs. 1 day 2 days 4 days 7 days 9 days 12days 16 days 19 days 
21°5 23°7 25°1 26°3 27°1 25°8 27°5 27°8 


We see that a practically constant value was not reached for 
12 days, but even after 24 hours 85°/, of the maximum amount had 
been extracted, and after 24 hours as much as 77°/,. Doubtless this 
apparently more rapid passage of the diastatic ferment into solution 
was due to the fact that it had not been possible to squeeze out and 
remove any. of the glycerin extract of diastatic ferment from the tissue 
before the addition of the extracting liquid; but in any case the liver 
tissue had not much retentive power on the ferment, 

A third series of observations was made upon some sheep’s pancreatic 
gland tissue which had been kept with 25°/, alcohol for 9 months.’ 
The extract itself had a tryptic power of about 4, and a diastatic power | 
of -2. Most of it was separated from the gland tissue, and to this was 
then added 10°/, of the glycerin extract of pig’s pancreas mentioned 
above. The mixture was shaken frequently from time to time, and 
after six days the more solid portion was strained off through muslin 
and squeezed as free from extract as possible. Weighed portions of the 
tissue were then mixed with 4 parts by volume of 50°/, glycerin and 
of 25°/, alcohol. These extracts yielded the following diastatic values : 


lday 2days 4days days 16 days 
50°), glycerin extract 53 58 6 54 58 
25 °/, alcohol extract 43 4°1 4-1 4°5 

_ Here we see that this old pancreatic tissue had much less hold over 
the ferment than had either fibrin or fresh liver tissue, for the extracts 
attained almost their full diastatic power within 24 hours. Probably 
the explanation of this result lies in the fact that a great part of this 
tissue, having been in contact with a tryptic solution for 9 months, had 
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undergone digestion, and the more resistant nuclein, collagen and other 
bodies either had but little absorbent power for the diastatic ferment, 
or having absorbed it, retained it firmly. Thus in the case of the fibrin 


and the liver tissue, a good deal of the absorbed ferment would — 


necessarily pass into solution owing to the gradual digestion of the 
proteid matter by the trypsin present, but probably this remnant of 
pancreatic tissue underwent practically no further solution. 

If the observations made with extracts of fresh pancreatic tissue be 
compared with the present ones, I think that little doubt can remain as — 
to the existence of a pancreatic diastatic zymogen. We saw in the case 
of sheep’s pancreas that the alcoholic extracts, after 24 hours’ extraction, 
had acquired only about a quarter of the values they attained 7 or 
11 days later, whilst with the glycerin extracts the results were nearly 
as striking. This great rise of diastatic power could not have been due 
to the solution of gland tissue by trypsin, for in one case neither the 
alcoholic nor the glycerin extracts had developed practically any rennetic 
power (and therefore in all probability no tryptic power’) until after 
the maximum diastatic values had been attained. In the case of ox 
pancreas the alcoholic extract, after 24 hours’ extraction, had only about 
a fourth the value it attained 4 days later, though at this time the 
rennetic power (and probably the tryptic) was practically nil. Again, 
the 50°/, glycerin extract of ox pancreas took 5 weeks or more to 
develop its maximum activity, instead of 5 days, though we saw that 
this medium extracted ferment from fibrin just as well as 25 °/, alcohol 
did. Similarly the 50°/, glycerin extract of dog’s pancreas took 30 days 
to reach its maximum, and the alcoholic extract only 12 days. The 
results obtained with dog’s pancreas are strongly confirmatory of those 
obtained with fibrin and liver tissue. Thus it was found that after 
3 hours’ extraction the alcohol and saline extracts had acquired respec- 
tively 88 and 68°/, the diastatic values they attained 2 days later; 
a.¢., even fresh pancreatic tissue may sometimes yield up its ferment 
nearly as quickly as ferment-soaked fibrin. Finally in the case of the © 
human pancreases the extracts of one gland, after 24 hours’ extraction, 
had acquired only 16, 29 and 53 °/, of their respective maximum values, 
whilst the 25 °/, alcohol and 50°/, glycerin extracts of the other gland 
showed almost as great differences in the rate of attainment of their 
maximum values as were observed with the corresponding extracts of 
: sheep, ox and dog’s pancreas. Also the concentrated glycerin extract of — 


1 Of, this Journal, xxvn. pp. 278 and 277. 
2 Ibid. p. 192. 1901. 
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this human gland after 2 days’ extraction had acquired only 15 °/, of the 
value, and after 20 days’ extraction only 24°/, the value it finally 
attained after 6 months. 


| The relation of enzyme destruction to acidity. 


We have seen that in a majority of instances the diastatic power of 
the extracts somewhat rapidly deteriorates on keeping. This destruction 
is probably due in large part to the natural acidity of the extracts. 
This acidity was determined by titrating with ‘2°/, Na,CO,, using 
phenol phthalein as an indicator. In the case of extracts of dog’s 
pancreas, for instance, the following acidity values were obtained: ~ 


Extracting liquid 2days Sdays I2days 30days 48days 50 days 
Water 96 61 56 58 62 61 
9), NaCl 40 45 58 58 
9°/, NaCl (28 hours’ kept gland) 19-48 50 54 57 we 
25 %/, alcohol 16 50 56 72 76 ie 
50%, glycerin 15 36 86 40 4452 


These figures indicate the number of c.c. of 1°/, Na,CO, necessary to 
neutralise 100 c.c. of extract. The final acidity averaged 60, and 
supposing all of this were due to lactic acid, it would follow that the 
extract contained no less than ‘51°/, lactic acid. The lines drawn 
between certain of the values indicate when the most rapid destruction 
of diastatic ferment was occurring (cf. Fig. 4). In the case of the 
aqueous and normal saline extracts, we see that this destruction occurred 
between the 2nd and 8th days, and was coincident with a considerable 
rise in acidity, In two out of the three extracts, indeed, nearly the 
maximum acidity value was reached by this 8th day. Presumably, 
therefore, the destruction of diastatic ferment was to some extent 
dependent on the increased acidity. In the 50°/, glycerin extract, also, . 
the destruction of ferment only began when an acidity of 40 had been 
reached, but the alcoholic extract showed very little deterioration for 
many days, in spite of its high acidity. 

Better evidence in support of the view that destruction of ferment is 
largely dependent on acidity is afforded by the extracts of ox pancreas. 
The acidity values for these extracts have already been recorded’, so it~ 
is unnecessary to quote them again. On comparing them with the 
curves given in Fig. 5, we see that the saturated salt extract underwent 


1 Cf, this Journal, xxvu. p. 310. 
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its most rapid deterioration between the 19th and 27th, and 27th and 
36th days, and that during these intervals the acidity rose from 
respectively 31 to 46, and 46 to 65. The normal saline extract de- 
teriorated most rapidly between the 19th and 27th days, when its 
acidity rose from 34 to 40. It continued to deteriorate rapidly till the 
45th day, whilst the saline extract of kept gland, which had only about 
three-fourths its acidity, fell away much more slowly. Again, the 
aqueous extract deteriorated most rapidly between the 13th and 36th 
days, when its acidity rose from 39 to 46; and the alcoholic extract, 
between the 5th and 13th days, when its acidity rose from 50 to 60. | 

The evidence as to the destructive action of acids on the diastatic 
ferment is somewhat conflicting. Langley? found that rabbits’ ptyalin 
is rapidly destroyed by 014°/, HCl, but Chittenden and Ely’ state 
that human saliva can be warmed for 45 minutes with ‘025°/, HCl 
without any ferment being destroyed. Langley and Eves’, on the 
other hand, found that if saliva be neutralised and diluted to prevent as 
much as possible of the acid added from being taken up by the proteids, 
‘005 */, HCl produces a very obvious destructive effect on the ptyalin, 
and even ‘001 °/, HCl destroys. some ferment ater warming for an hour 
to 38°. 

The above observations on the eattibal acidity of the extracts prove 
that the pancreatic diastatic ferment is only slowly destroyed by weak 
organic acids at room temperature. Determinations of the effect of 
adding mineral and other acids to extracts confirmed these conclusions. 
The following values were obtained on keeping filtered normal saline 
extract of ox pancreas with various percentages of acid for various 
periods. In determining these values, the quantity of Na,CO, necessary 
for exact neutralisation of the additional acid in the extract to be 


employed was calculated, and added to the dilute starch solution. 


, Sdays 10 days 24 days $4 days 81 days 
Extract alone 8°5 1°34 


Extract + gland substance 10°4 100 "05 
» + °0065°/, HCl 13°1 74:89 “76 
o 1°74 35 nil 
» + aceticacid — 12°1 4‘7 1% nil 
»  +°082°%, lacticacid — 8°7 1°35 81 nil 
” + 215 ” ” nil 

1 This Journal, m1. p. 246. 1882. 2 Amer, Chem. Journ. tv. p. 119. 1882. 


This Journal, p. 18, 1883. 
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For the sake of comparison, the diastatic values of some of the 
extract kept separately without the addition of any acid, and also of the 
extract kept with its gland substance, are given as well. Before the 
addition of acids the extract had a diastatic value of 13:1. With 
‘0065 °/, HCl, no destruction of ferment occurred within the first 5 days, 
and even after 24 days the diastatic power was only very slightly less 


than that of the extract to which no acid had been added. After 81 


_ days, however, the diastatic value had fallen to ‘76, and was now only 
half as great as that of the unacidified extract. The addition of ‘014°/, 
HCI caused a somewhat more rapid loss of diastatic power, whilst ‘035 °/, 
HCl had a very destructive effect on the ferment. 

Much greater concentrations of acetic acid than of hydrochloric were 
necessary to effect the destruction of the diastatic ferment, for with 
neither ‘082 nor “193 °/, acetic acid was there practically any destruction 
of ferment during the first 10 days, over and above that occurring in 
the unacidified extract. After 24 days, however, all of the ferment had 
been destroyed in the more strongly acidified extract, and about half in 
the less strongly. After 81 days all the ferment had been destroyed in 
this latter extract, so.even the smaller percentage of acetic acid on the 
whole had a more destructive influence than ‘0065 or 014°/, of HCl. 
Lactic acid had a much more unfavourable effect than acetic acid of the 
same concentration, as a comparison of the values obtained with 082 °/, 
of each acid will show. | 

A comparison of the second line of values in the table with the 
others is of interest, as it shows what a destructive influence the natural 
acids arising from the gland substance (chiefly as the result of auto- 
digestion) may have upon the diastatic ferment. They destroyed the 
ferment more rapidly, on the whole, than 014°/, HCl, or ‘082°/, acetic 

It should be borne in mind that these extracts were kept throughout 
at room temperature. At body temperature the rate of destruction of 
ferment is immensely more ‘rapid, as the following values indicate : 


Originally After2days 3 days 4 days 6 days 


Alcohol extract of sheep, at 16° 240 — _ 25°0 st 
” ” ” 88° 24°0 1°78 “79 15 02 
of pig, at 16° 217 210 218 
” ” ” 38° 217 8-7 2°87 1°15 nil 


- In these observations the filtered extract was used, but nevertheless 
2 days’ exposure to a temperature of 38° was sufficient to destroy 92°6 */, 
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of the ferment in the alcoholic extract of sheep's pancreas, and 95:9 °/, in 
that of pig’s pancreas. 4 days later not a trace of ferment was left in 
the latter extract, and barely a trace in the former. 


SUMMARY. 


On making aqueous, saline, alcoholic and glycerin extracts of the 
minced pancreas of the pig, sheep, dog, ox, and of man, and on 
determining the diastatic power of such extracts from time to time, it 
was frequently found that during the first few days of extraction the 
ferment activity markedly increased. For instance, two dilute alcoholic 
extracts of sheep's pancreas increased in value from 6:2 and 5-9 on the 
_ first day of extraction to respectively 21 on the 8th day of extraction 
and 25 on the 12th day, and then gradually deteriorated. An alcoholic 
extract of ox pancreas increased from 3°4 on the first day to 1271 on the 
5th day. Glycerin extracts invariably showed an initial rise in value, 
the more dilute the glycerin, the more rapid being the rise, For 
instance, a concentrated glycerin extract of man’s pancreas had a value 
of 63 after 2 days’ extraction, and was still increasing in activity 6 
months later, it then having attained a value of 41°7. A 50°/, glycerin 
extract of the same glund had a value of 21°6 after 3 days’ extraction, 
and reached a maximum of 55'1 after 20 days. One must conclude that 
as long as such extracts show much increase in diastatic power on 
keeping, undecomposed zymogen is still present in the gland tissue. 
This zymogen is insoluble in any of the media employed, an extract 
filtered off from its gland substance never showing any rise in value, 

The initial rise in diastatic activity of extracts kept in contact with 
their gland substance is probably only in small part due to physical 
causes. To prove this, some chopped fibrin was mixed with a very 
active glycerin extract for 24 hours, and most of the glycerin then 
expressed. On extracting this ferment-saturated fibrin with 75 °/,, 50°/, 
and 25 °/, glycerin, and with 25 °/, alcohol, it was found that three-fourths 
or more of the ferment passed into solution in 24 hours, whilst concen- 
trated glycerin extracted 57°/, of the ferment in this time. Fresh liver 
tissue, and old pancreatic tissue which had lost its diastatic activity, 
yielded up the ferment with which they had been saturated more 
readily still. 

The deterioration in the diastatic value of extracts is chiefly 
dependent on the temperature, and on the natural acidity they develop. 
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Thus extracts made in August deteriorated much more rapidly than 
those made in April, and extracts kept at 38° instead of at room 
temperature had about 94°/, of their ferment destroyed in 2 days. The 
natural acidity, as determined by titration with ‘2°/, Na,CO,, is con- 
siderable, and may correspond to the presence of °5°/, lactic acid. Asa 
rule, the extracts showed the most rapid deterioration when the acidity 
began to increase considerably (probably as the result of auto-digestion). 
The addition of 035°/, HCl, 193°%/, acetic acid, and ‘082 °%/, lactic acid 
to filtered extract destroyed almost all the ferment in 24 days, though 
there was a good deal left undecomposed after 5 or 10 days. 
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THE DIFFERENCES OF ACTION OF VARIOUS DIA- 
STASES. By H. M. VERNON, MA, MD, Fellow of 
Magdalen College, Oxford. (Two Figures in Text.) 


(From the Physwological Laboratory, Ozford.) 


THE COLOUR REACTIONS WITH IODINE. 


WHEN estimating the diastatic action of pancreatic extracts on dilute 
starch by means of the achromic point method, it was noticed that the 
rate of progress in the colour reactions with iodine varied considerably 
with different extracts. In order to investigate this rate of progress 
quantitatively, two arbitrary colour standards were chosen, and the 
iodine colour reactions of the digesting starch compared with them. 
The first standard, of a deep violet colour, was a faintly alkaline solution 
of hematoxylin, and the second, of a pale reddish brown, a solution of 
picrocarmine. Such quantities of these stains were taken as to give 


solutions which corresponded almost exactly, both in shade and depth, 


to those obtainable on addition of small quantities of digesting starch to 
dilute iodine solution. Fresh 1°/, starch paste made with distilled 
water was used, and this was diluted with an equal volume of tap water, 
less the amount of extract to be added. The test-tubes or flasks of 

esting starch were kept in a water bath at 38°, and small quantities 

the digest liquid removed from time to time by means of a pipette, 
and run into test-tubes of dilute iodine held at an angle over a sheet of 
white paper. The times taken by the digest to reach the above- 
mentioned deep violet and reddish brown stages could thus be 
determined to within less than } minute, they being, in fact, easier to 
fix than the achromic point time. Such a quantity of extract was 
generally taken as to give an achromic point time of 10 to 15 minutes. 

The results obtained with various extracts are given in the accom- 


-panying table. Most of the values here given are the means of several 


sets of observations, made with different amounts of ferment. Variations 
in the quantity of ferment only very slightly affect the relative rate of 
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progress of the colour reactions, hence they may for our purpose be 
ignored. For instance, in the case of the glycerin extract of dog’s 


Relative time Mean 
of reaching time of reaching 
Extract value stage stage stage stage 
50 °/, glycerin ext. dog | 42-0 25°4 715 71°5 
75 °/, glycerin ext. pig : 285 25 67 
» {kept 25 hours) 287 26 69 ‘24°79 67°3 
25°, alcohol 33°9 23 
75 °), glycerin ext. woman 43°8 20 59 , 
25 alcohol ” 27°71 19 64 
Giyeerin ext man 385 63 | 
25 °/, alcohol ext, man 21°3 20 67 
75 °/, glycerin ext. sheep 20°6 44 
(kept 63 hrs.) 18° 12 43 11°3 44°7 
25 °/, alcohol a 69 11 47 
Glycerin ext. ox 7 : 9°4 10°8 400 108 40°0 
Human saliva 172 16 53 
Malt diastase 8°8 74:0 


pancreas, quantities of ferment were used which gave achromic point 
times of respectively 44, 8, and 204 minutes, yet the times required to 
reach the deep violet stage were respectively 27, 25 and 24°/, of the 
achromic point time, and to reach the brown stage, respectively 73, 72, 
and 69°5°/,. Again, in the case of human saliva, with achromie point 
times of 44 and 28 minutes, the times required for the violet stage were 
respectively 17 and 14°/,, and for the brown stage, 55°5 and 49 °/,. 

.In the case of most pancreatic glands, two or more different extracts 
were examined, and by comparing the values so obtained amongst 
themselves, it will be seen that the nature of the liquid used for 
extraction is practically without influence on the rate of progress of the 
colour changes. Means of all the values obtained with each gland have 
therefore been taken, and these means are given in the last two columns 
of the table. We see here that on an average, extracts of dog’s and of 
pig’s pancreas take about 25°/, of the achromic point time to digest the 
starch to the violet stage, and 69°/, to digest it to the brown stage. 
Extracts of ox and of sheep’s pancreas, on the other hand, digest the 
starch to the violet stage more than twice as quickly, they taking only 
about 11°/, of the achromic point time. With them the brown stage is 
also reached much more rapidly, 7.¢., in about 42°/, of the achromic 
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‘point time. These very striking differences in the rate of progress of 


the colour reactions may perhaps be better realised by taking a concrete 
instance. Thus with an achromic point time of 10 minutes, extracts 
of the former glands would take 24 minutes to digest the starch to its 
violet stage, whilst those of the latter would take only just over a 
minute. The former would take nearly 7 minutes to digest it to the 
brown stage, whilst. the latter would take only about 4} minutes. 
Consequently the further progress to the achromic point would take 
only 3 minutes with the former extracts, and nearly 6 minutes with the 
latter. | 

Extracts of human pancreas, whether of man or of woman, show 
intermediate relationships to those of the two groups of glands 
mentioned. The average time of conversion to the violet stage lies 
nearly midway between them, but that to the brown stage approaches 
more nearly to the values of dog and pig’s glands. At the bottom of 
the table are given the values obtained with fresh, filtered human saliva, 
and with malt diastase. The saliva of two different individuals was 
used, and though one sample was nearly three times as active as the 
other, it gave practically the same rate of colour change. The times 


required to reach the violet and brown stages are distinctly less than 
those for extracts of human pancreas, they lying midway between these 


values and those obtained with ox and sheep extracts.. 
Two of a series of values obtained with an aqueous extract of malt 
(1 part of malt to 4 of water) are given at the bottom of the table. The 


first values were obtained when the achromic point time was 10 minutes, 


and the second, when it was 110 minutes. It will be seen that the 
relative time required to reach the violet stage is much less than with. 
any of the pancreatic extracts, and also that it is very much reduced 
when the digestion is prolonged. With intermediate times of digestion, 
intermediate values were obtained, eg., one of 4°8°/, with a digestion 
time of 34 minutes. The diastatic value of the extract, calculated and 
corrected according to the method described in a former paper’, also — 
diminished considerably when the digestion time was prolonged. The 
relative time required to reach the brown stage was nearly constant, 
however. In these digestions with diastase it was found very difficult 
to fix with any certainty the time of disappearance of the colour reaction 
with iodine, because of its ensuing so gradually. Thus we see that 
with an achromic point time of 10 minutes, more than 7 minutes were 


1 This Journal, xxvm. p. 177. 
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Tequired to take the starch from the pale brown stage to the achromic 
point. 

It may be thought that the differences observed in the progress of 
the colour reactions are in some way connected with the differences in 
the diastatic value of the extracts used. Thus we see from the second 
column of the above table that the extracts of pig’s pancreas were the 
most active, then that of the dog, then those of human pancreas, then 
those of the sheep, and lastly that of the ox. Asa rule, therefore, the 
smaller the diastatic value, the quicker the relative time of onset of the 
violet and brown stages. However, the values obtained with individual 
glands prove that there is no direct connection between diastatic activity 
.and progress of colour reactions. Thus the alcoholic extracts used were — 
invariably much less active than the corresponding glycerin ones, yet 
they gave practically the same colour change times. 

The rates of progress of the colour reactions may continue almost 
unchanged even when the conditions of action of the ferment are 
considerably altered. For instance, it was shown’ that by the addition 
of ‘2°/, or more of sodium chloride, or of ‘004°/, of hydrochloric acid to 
_the dilute starch, the efficiency of the pancreatic ferment might be very 
greatly increased. In the present series of observations we see from the 
accompanying table that the diastatic value of the extracts of pig's 
pancreas, acting in ‘2°/, NaCl, was on an average 4°] times greater than 
that of the same extracts acting in ordinary tap water, whilst that of 
the extracts of sheep's pancreas was 2‘9 times greater. Nevertheless 
the mean times of digestion to the violet and brown stages do not differ 
in any case by more than 2°6°/, from the normal tap water values. The 


Relation of reaching time of reaching 
Diastatic water Violet Brown Violet Brown 
Extract value value stage stage stage stage 
75%, glycerin ext. pig+2°/, NaCl 1269 45 26 68 
(kept 24 brs.) 13005 | 28 647 
25°, aloohol ext. pig a 108 32 
75°), glycerin ext. sheep+°2%/,NaCl 757 86 11 44 
25 °/, aleohol ext. sheep 
75 %/, glycerin ext. pig+°004°/, HCl 1218 43 82 71 
25°, alcohol __,, 784 28 2 #£«7 
75 %/, glycerin ext. sheep ,, 551 #26 #8 14 
14 | 


25 %/, alcohol 17 17 
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addition of ‘004°/, HCl was not, as a rule, nearly so effective as that of 
‘2°/, NaCl, and also it produced a slight but distinct effect on the colour 
change rates. Thus all of the mean values are from 2°7 to 7°8°/, greater 
than the corresponding tap water values. 

Of the other conditions of action investigated, viz., temperature and 
dilution, the former was found to exert a marked influence on the 
progress of the colour reactions, Series of observations were carried out 
at 20°, and at 50° or 60°, as well as at 38°. From the accompanying 
table we see that at 20° the digesting starch progresses to the violet and 
brown stages relatively more slowly than it does at 38°, whilst at 60° it 
progresses very much more rapidly. With a 10 minute achromic point 


Glycerin extract Alcohol extract 

Diastatic Violet Brown Diastatic Violet Brown 

Temperature value stage stage value stage stage 

Pig 20° 209 34 72 23°7 33 71 
38° 285 25 67 33°9 23 66 . 

60° 182 9°4 52 11°2 50 85 

Sheep 20° 14°1 28 57 3°5 23 62 
38° 20°6 ll 44 69 ll 47 

50° 14°0 CT. 43 5°3 82 

60° "66 "15 6°5 — 


time, extracts of pig’s pancreas acting at 20° took over 3 minutes to 
convert the starch to the violet stage, and 7 minutes to the brown stage, 
whilst at 60° they took from } to 1 minute for the former stage, and 34 
to 5 minutes for the latter. The extracts used must have contained 
small quantities of deleterious substances which especially delayed the 
advent of the achromic point at high temperatures, and so hastened the 
relative time of advent of the violet and brown stages. Thus the 
alcoholic extract. was only about an eighth as active as the glycerin 
extract used, and so of course about eight times more extract had to be 
added to the starch. We accordingly find that at 60° the diastatic 
value of the alcoholic extract was relatively less than that of the glycerin 
extract as compared with their respective values at 38°, whilst the violet 
and brown stages ensued relatively more quickly. The sheep’s pancreas 
extracts were so much weaker than the pig’s, that the deleterious 
substances contained in them almost prevented the starch from ever 
reaching the achromic point, when it was kept at 60°. For instance, in 
an observation with the glycerin extract of sheep’s pancreas it was found 
that the violet stage was reached in } minute, the brown stage in 11 
minutes, and the achromic point in 170 minutes. In an observation 
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with the alcoholic extract, the violet stage was reached in 3 minute, but 
the brown stage not for about 200 minutes. 

The dilution of the 1°/, starch employed to various degrees had very 
little influence on the rate of progress of the colour reactions, but with 
starch above 1°/, in concentration, both the violet and red-brown stages 
were reached with greater rapidity. In the accompanying table are 
given the results obtained by the action of glycerin extract of pig’s 
pancreas on arrowroot starch (with which all the observations thus far 
described were made), and also on pure potato starch. It will be seen 
that this latter starch gave a somewhat lower diastatic value than the 


Arrowroot starch Potato starch 
Concentration ‘Diastatic Violet Brown “Diastatic Violet Brown 
of starch value stage stage value stage 
8%}, 197 14 88 176 11 30 
15 204 20 §1 
1°0 201 23 55 
"5 203 ve 63 172 15 50 
25 204 25 66 175 13 54 
+195 188 28 68 171 16 52 


former, and also lower percentage times for the violet and brown stages, 
but in both instances the actual diastatic value obtained was almost 
-uninfluenced by the dilution. This dilution was always made with half 


distilled water, and half tap water, as this was the proportion used in 
the other observations. 


THE RELATIONS BETWEEN PAvy’s AND FEBLING’S SOLUTIONS, 


In order to determine the relationships subsisting between the rate 
of progress of the colour changes of the digesting starch with iodine, 
and the rate of formation of maltose, series of estimations of the per- 
centage of maltose present were made. For this purpose the gravimetric 
method of copper reduction would have been too laborious, and so 
Pavy’s method of volumetric analysis, checked by gravimetric analyses, 
was adopted instead. In this method 10 c.c. of the standard Pavy- 
‘Fehiing solution are equivalent to ‘005 grm. dextrose, and not 05 grm. 
as in the case of Fehling’s own solution. Nevertheless the solution 
contains 4158 grms. of copper sulphate per litre, whilst Fehling’s 
contains 34°65 grms. In fact, Pavy found that the presence of the 


1 Pavy’s Physiology of the Carbohydrates, p. 78. 
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ammonia altered the reaction, and that with his solution each molecule 
of dextrose reduced siz molecules of CuO, whereas with normal 
Febling’s solution it only reduces five. Pavy does not seem to have — 
determined the reducing power of maltose by means of his solution, but 
he states’ that the reducing power of lactose is 60 or a little over, as 
compared with that of dextrose taken as 100. 

As the result of careful gravimetric analyses, Brown and Heron® 
came to the conclusion that the reducing power of maltose, as. compared 
with that of an equal weight of dextrose taken as 100, was approxi- | 
mately 61. O’Sullivan* found a somewhat higher reducing power for 
maltose, and concludes that the value is probably 63°16, or one corre- 
sponding to a reduction of six molecules of CuO. Still Brown and Heron 
found that by using the number 61, they obtained the closest possible 
agreement between their gravimetric and polarimetric observations, so 
I have assumed it to be correct. Also Soxhlet‘ obtained a similar — 
value in some of his experiments, As regards lactose, very variable 
_ results have been obtained. Many observers have found that each 
molecule of lactose corresponds to 7 molecules of CuO, but some, to 
even 8 molecules’. Soxhlet found that it corresponded to 7-4 mole- 
cules, and assuming that this is correct, it follows that the reducing 
power of lactose, as compared with that of dextrose taken as 100, 
is 77°9. 

With Pavy’s solution, the reducing power of lactose in two series 
of observations was found to be respectively 63°71 and 64°83 °/, of that of 
dextrose, or on an average, 64°27 °/,. This is a distinctly higher value 
than that given by Pavy, but possibly he assumed that lactose. is 
anhydrous, whereas, unless specially dried, it contains one molecule 
of water of crystallisation. Three series of observations on different 
samples of maltose gave for the reducing power the values 50°24, 
51°01 and 51°82, or on an average, 51:02°/,. Comparing Pavy and 
Fehling’s solutions, therefore, the reducing powers are: 


Pavy Fehling 


Dextrose 100 : 100 
Lactose 64°27 (x $=77'1) 179 
Maltose 51-02 (x $=61°2) 61 
1 Pavy’s Physiology of Carbohyd., p. 18. 2 Trans. Chem, em. Soe. 1879, p. 619. 


3 Watts’ Dictionary of Chemistry, tv. p. 555. 
‘ J. fiir praktische Chemie, xx1. p. 227. 
5 For literature see Soxhlet, Chem. Centralblatt, rx.-p. 288, 1878. 
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On multiplying the values obtained with Pavy’s solution for lactose 
and maltose by $, we get values which approximate very closely 
to those obtained with Fehling’s solution. As Pavy’s solution, in 
respect of its dextrose equivalence, contains $ times more copper 
sulphate than Fehling’s solution, it follows that the two solutions 
react in exactly the same manner with lactose and maltose, or that 
in both of them one molecule of lactose reduces 7:4 molecules of 
CuO, and one of maltose, nearly 6 molecules. 

In all the maltose estimations made by Pavy’s method, therefore, 
the reducing power of the maltose was taken to be § x 61 = 50°83°/, 
of that of dextrose. This ratio gave results in good agreement with 
the few estimations made by the gravimetrie method of copper reduc- 
tion’. For instance in a malt diastase digestion, the volumetric method _ 
showed that after 70 minutes’ action, 73°8°/, of the starch was converted 
into maltose, and the gravimetric, also 73°8 °/,. After 6 hours’ digestion, 
the volumetric method gave 79°4°/,, and the gravimetric, 81°0 °/,. 
Again, in a digestion with extract of pig’s pancreas, the volumetric 
method gave, after 10 minutes’ action, 58'2°/, maltose, and the 
gravimetric method, 59°7°/,; after 3 hours’, the volumetric gave 
71°6°/,, and the gravimetric, 71:4°/,. In another estimation with pig’s 
pancreas extract, the volumetric method gave, after 3} hours’ digestion, 
72°8 °/, maltose, and the gravimetric, 71'1°/,. In the particular obser- 
vations to be described, I believe that the volumetric method gave just — 
as accurate results as the gravimetric would have done. Thus it has 
been shown by Soxhlet? that this gravimetric method is liable to very 
considerable sources of error. Supposing that in glucose estimations 
only just sufficient Fehling’s solution is taken, then the copper reduc- 
tion is some $°/, too low; whilst if double as much as is needed be 
added, it is about 7°/, too high. These observations of Soxhlet’s 
were made with such extreme care and accuracy that there can be no 
doubt as to their validity. In the case of a digestion with extract of 
pig’s pancreas, I found that when 2°3 times the necessary amount of 
Fehling’s solution was used, the copper reduction was 5°3°/, greater 
than when only 1°17 times the amount was used. 

_ According to the formula given by Pavy for his solution, each 
litre should contain, in addition to the 4°158 grms. of copper sulphate, 
20°4 grms. of Rochelle salt, 20°4 grms. of potash, and 300 c.c. of strong 
- ammonia. With this solution it requires, some skill to complete the 


See O'Sullivan, Trans. Chem. Soc, 1876, p. 130, 2 Ibid, p. 220. 
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decolorisation of the copper before all the ammonia has boiled off, and 
Ramsden has found! that the method is much more workable if the 


amount of ammonia be increased. As used by him, each litre contains, 


with the same 4158 grms. of copper sulphate, 40°8 grms. of Rochelle 
salt, 40°8 grms. of potash, and 600c.c. of ammonia. Probably such an 
increase in the Rochelle salt is unnecessary, and indeed a certain 
amount of tartrate is precipitated on addition of the ammonia, but I 
can confirm him in his conclusion that this solution is a much more 
convenient one than Pavy's own, and I have used it for almost all of 
my observations. In making maltose observations, it is essential for 
success that the maltose should be run into the copper solution 
comparatively slowly, so that it is very difficult to get consistent results 
with Pavy’s own solution. I have found, in fact, that the reducing power 
of maltose with this latter solution is distinctly lower than it is with 
the former, it being on an average only about 48:0 °/, that of dextrose, 
instead of 50°8°/,. The reducing power even of dextrose seemed to be 
1—2 °/, less, but that of lactose was the same with both solutions. 


THE RATE OF FORMATION OF MALTOSE WITH DIFFERENT DIASTASES. 


In order to obtain comparable results in the various starch diges- 
tions, such a quantity of pancreatic extract or of saliva was taken as 
would give an achromic point time of exactly 10 minutes. As a rule, 
200 c.c. of 1°/, starch paste, freshly made with distilled water, were 
mixed with 200c.c. of tap water (less the volume of extract to be. 
added), and the whole brought to a temperature slightly above 38°. 
The extract was then poured in, and the flask of liquid violently shaken 
up. After 1, 2, 3, 5, 10, 30 and 180 minutes’ digestion, volumes of 
50 c.c. of the digest were rapidly withdrawn with a pipette, and run 
into small flasks into which 2°5 c.c. of strong ammonia had previously 
been introduced. This ammonia instantaneously stopped the ferment 
action, and its addition also enabled one to work the volumetric 
analysis with greater ease. When gravimetric ‘analyses were to be made « 
in addition, the volume of liquid withdrawn was of course larger, and 
the ferment in it was destroyed by quickly heating nearly to boiling. 


Small quantities of the digesting liquid were tested with iodine during 


the first 10 or 12 minutes, in order to make sure that the correct 
amount of extract had been added. 


1 Private communication. 
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Arrowroot starch was employed in almost all the observations, but 
the few in which pure potato starch was substituted gave almost the 
same results. On drying the starch to constant weight at 110°, two 
estimations with the arrowroot starch showed the presence of respec- 
tively 83°56 and 83°57 °/, of solid matter, and one estimation with the 
potato starch, of 83°35 °/,, whilst incineration of some arrowroot starch 
showed the presence of ‘07 °/, of ash. Also some 1 °/, arrowroot starch 
paste was inverted by heating for 3 hours with 2°/, sulphuric acid, 
and the glucose formed estimated by Pavy’s method. This indicated 
the presence of 83'50°/, pure starch, hence in all the observations to 
be described it was assumed that the starch used contained 83°5 °/, of 

Some of the results obtained are reproduced in the accompanying 
figure in the form of curves. Here it will be seen that the rate of 


PERCENTAGE OF STARCH CONVERTED INTO MALTOSE 
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Fig. 1. 


maltose formation differs considerably with different diastases. It is 
interesting to note, however, that at the achromic point time, or after 
10 minutes’ digestion, the percentage of starch converted into maltose 
was nearly the same with the glycerin extracts of sheep, ox and pig's 
pancreas, and with human saliva. Thus it varied only from 56°9 °/, to 
59°7 °/,, or almost within the limits of experimental error. To take the 
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curves separately, it will be seen that only a single curve is given for 
both sheep and ox values. This was because they were practically 


identical. In the series of values obtained with sheep's extract— 


represented in the curve by crosses—the amount of extract added was 
too small, so that the achromic point was reached in 13 minutes, 
instead’ of 10 minutes. Hence the percentage of maltore formed 
after 10 minutes, for instance, would have been yielded in 10 x 4 
= 7°69 minutes, if the correct amount of extract had been added to 
the starch, and so it is entered in the curve at this time value. The 
percentages obtained after 1, 3 and 5 minutes have been similarly 
introduced: in the curve at the corrected times. The values given 
under 30 and 180 minutes were in reality obtained after respectively 
39 and 230 minutes, and so need no further correction. Two other 
series of digestions were carried out with sheep’s pancreas extract, and 
one other with ox pancreas extract, and were found to yield values 
corresponding to those given in the curve. Thus from this curve we 
see that the proportions of starch converted into maltose after 5, 10 and 
180 minutes, are respectively 52°3, 59°7 and 713°/,. The other obser- 
vations gave 53°3 and 52°3°/, conversion after 5 minutes; 60°0 and 
56°4 °/, after 10 minutes, and 73°0, 69°5 and 72°3 °/, after 180 minutes. 
With glycerin extract of pig’s pancreas, the conversion into maltose — 
was at first much slower than that observed with sheep and ox pancreas 
extracts, it being, for instance, only 25°0 and 44°0 °/, after respectively 
2 and 5 minutes, instead of 35°0 and 52°3°/,. From the achromic point 
time onwards, however, it was practically the same. With human 
saliva, the maltose formation was still slower than with pig’s pancreas 
extract for the first ten minutes, but it then shot ahead, and after 
three hours it was found that in three different digestions respectively 
79°8, 81°3 and 79°1°/, of the starch was converted into maltose ; i.¢., on 
an average about 10°/, more than with pancreatic extracts. Of the 
values given in the curve, those at 1 and 3 minutes were obtained with 
a saliva only just a third the activity of that used to obtain the values 
at 2 and 5 minutes, yet the agreement is very good. After 10 and 
30 minutes’ digestion, values of respectively 57°0 and 70°2°/, were 
obtained with the one saliva, and of 56°8 and 71°0°/, with the other, 
or within the limits of experimental error, practically the same per- 
centages. Observations on the rate of conversion of starch into maltose 
by human saliva have already been made by Chittenden and Ely’. 


1 Amer. Chem. Journ. rv. p- 120. 1882. 
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They assumed that the sugar formed had the same reducing power 
as dextrose, but correcting for this, their results show that 78°0°/, of 
the starch was converted into maltose after 30 minutes’ digestion, and 
&6'2°/, after 2 hours’. The more rapid hydrolysis observed by them 
was doubtless due to the fact that they used 24 to 7 times more saliva 
than I did. 

With vegetable diastase extract, made by extracting ground malt 
with twice its weight of water for about 6 hours, and then filtering, 
the maltose formation was extraordinarily rapid as compared with that 
effected by animal diastase. Thus we see that 56°5°/, of the starch 
was converted in 1 minute, and 74°5°/; in 5 minutes, whilst by the 
-achromic point time the 3 hours’ value had nearly been reached. Even 
when the amount of diastase added is considerably reduced, the maltose 
formation is still extraordinarily rapid. Thus in the table given below 
are quoted the percentages obtained in a digestion in which the 
achromic point was reached in 50 minutes. Even then we see that 
a larger proportion of maltose was formed in 3 minutes than in any 
of the animal diastase digestions in 10 minutes. In these observations 
it was of course necessary to estimate and allow for the maltose present 
in the extract itself. The action of malt diastase on starch has already 


been worked out with great care by O’Sullivan’, by Brown and 


Heron’, Brown and Morris’, and others, and as far as comparison is 
possible, my results are in agreement with theirs. Thus Brown and 
- Heron found that diastase acting on 5°/, potato starch at 40°, converted 
79°1°/, of the starch into maltose in 30 minutes. The achromic point 
time was not determined exactly, but it was something between 15 and 
30 minutes. When the temperature of conversion was 50° or 60°C., 
80°4°/, was converted in 60 minutes. 

We have seen that the time relations of the colour reactions of a 
starch digestion with iodine are affected considerably by temperature 
and dilution, but scarcely at all by the presence of sodium chloride, or 
the substitution of alcoholic extracts for glycerin ones. The same is 
true as regards the rate of maltose formation. In the accompanying 
table are given the percentages obtained in a digestion with alcoholic 
extract of pig’s pancreas, and also in one with glycerin extract of pig’s 
pancreas acting in the presence of ‘2°/, NaCl. Though in this latter 
case the amount of ferment employed was not a quarter of that needed 


1 Trans. Chem. Soc. 1876, p. 125, and 1879, p. 770. 
9 Ibid. 1879, p. 596. 3 Ibid. 1885, p. 527. 
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in the normal digestion, yet the rate of maltose formation was almost 
the same, as can be seen by comparing the figures given in the table. 


Malt diastase Glycerin extract of pig’s pancreas 
Time of at ‘Under normal In 2%, With 5%  With3%,— 
digestion point time) pig’spancreas conditions Na At 20°C. potato starch potato starch 
1 min. 28°1 11°9 14°3 119 16°1 84°2 
2 51°8 22°6 25:0 26°5 23:9 
8 64°1 29°65. 319 29°2 35°4 61°6 
5 70°8 409 44-0 40°9 47°83 43°1 
10 57°1 57°8 54°5 58°9 53°9 67°2 
30 77°4 69°1 67°5 66°1 67°9 64°4 69°3 
180 719 15 18 709 


In a digestion effected by glycerin extract of pig’s pancreas at 20° 


instead of 38°, the figures given in the table show that the rate of 
formation of maltose was slightly enhanced. At 60°C. however, it 
is very greatly retarded. The dotted line curve in the accompanying 
figure indicates the rate of maltose formation at this temperature with 
glycerin extract of pig’s pancreas, and we see that though at first it was 
nearly as rapid as in the digestion at 38°, it soon began to fall behind, 
and after 30 minutes only 59°1°/, of the starch had been converted 


_ into maltose, instead of 67°5°/,. The action of the ferment practically 


ceased at this point, for a further 24 hours’ digestion only raised the 
amount of maltose by ‘3°/,. In another digestion with glycerin extract 
of pig’s pancreas carried out at about 61° instead of 60°, the retardation 
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was even greater. Thus after 5,10 and 30 minutes the proportions of 
starch converted were respectively 33°8, 44°6 and 55°9°/,, whilst after 
3 hours the amount was again only ‘3°/, greater than after 30 minutes. 
_ The other curves given in the accompanying figure indicate the — 
_ effect of dilution on the rate of maltose formation. All the observations 
were made with glycerin extract of pig’s pancreas, and arrowroot starch. 
We see that in ‘25°/, starch, the rate of formation of maltose is 
very little slower than in °/, starch. In 1°/, starch, however, it is 
distinctly more rapid, and in 3°/, starch much more rapid still. A 
digestion was also carried out with 3°/, potato starch, and with it, as 
can be deduced from the values given in the above table, the rate of 
conversion of the starch into maltose was even quicker than with 3°/, 
arrowroot starch. In fact, for the first 3 minutes it was about as fast as 
in the slow malt diastase digestion (1.¢., that with a 50 minutes’ achromic 
point time). With ‘5°/, potato starch, the rate of maltose formation 
was apparently somewhat less than with ‘5°/, arrowroot starch, but the 
differences observed are almost within the limits of experimental error. 
_ The degree of dilution seemed to have no influence on the percentage 
of starch converted after 3 hours’ digestion, except in the case of 3°/, 
starch. In this instance, the average amount was 74°0°/,, or 2°3°/, 
greater than the average amount converted at other dilutions. 
_ If the rates of formation of maltose with different diastases, or with 
the same diastase acting under different conditions, be compared with 
the relative times of attainment of the colour reactions with iodine, it 
will be found that as a rule they run on more or less similar lines. Thus 
as regards rapidity of maltose formation, malt diastase comes first, then 
pancreatic diastase of the sheep and ox, then that of the pig, and lastly 
salivary diustase. As regards quickness of onset of the violet and brown 
stages with iodine, the order is slightly different, it being: malt diastase, 
pancreatic diastase of the sheep and ox, salivary diastase, and lastly 
pig’s pancreatic diastase. If the observations on pancreatic diastase be 
alone considered, the relationship is closer. Thus with extracts of pig's 
pancreas, the proportions of starch converted into maltose after 24 and 
63 minutes, or when the violet and red-brown stages had been attained, 
were respectively 29 and 50°/,; whilst with extracts of sheep and ox 
pancreas, the proportions converted after 14 and 4} minutes, or at the 
corresponding colour stages, were respectively about 24 and 50°). 
_. Probably, therefore, under similar conditions of dilution and temperature, 
each given stage in the colour reactions with iodine has, corresponding 
to it, a definite amount of maltose formation, whatever the pancreatic 
11—5 
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‘ extract employed. When the temperature is changed, the relationship 
by no means holds good, for we saw that at 60° the onset of the violet 
and brown stages is greatly quickened, whilst the maltose formation is 
retarded. As regards dilution, we saw that the onset of the violet and 
brown stages is quickened in concentrated starch, but this quickening 
is not sufficient to correspond with the rapid increase in the maltose 
formation. Thus with 3°/, starch, the proportions of starch converted 
into maltose after 1:4 and 3°8 minutes, or at the violet and brown stages, 


were respectively about 35 and 57 Laie as —s the values of 29 and 
50°/,, obtained with ‘5 °/, starch. 


THE ESSENTIAL DIFFERENCES IN THE NATURE OF THE DIASTASES. 


The differences observed in the action of the several diastases 
experimented with have now been recorded. It remains for us to 
decide how far, if at all, these indicate essential differences between the 
ferments in question. Brown and Heron,’ as the result of their 
experiments with aqueous extract of pig’s pancreas, came to the 
conclusion that the course of action was practically the same as with 
malt diastase. With this latter ferment they found that there was a 
very definite stage in the hydrolysis of the starch molecule corresponding 
to a conversion of 80°/, of the starch into maltose, and the few observa- 
tions I have made confirm this result. They also found a similar stage, 
corresponding to an 80°/, conversion, in the digestion of starch by 
pancreatic extract, whereas in the numerous observations quoted above, 
we saw that the definite stage in the hydrolysis corresponded to a con- 
version of slightly more than 70°/, of the starch. It is difficult to 
account for this considerable difference of result, but it may perhaps be 
due merely to differences in the conditions of action in their and my 
experiments, They refer to their experimental data only in general 
terms, without giving details, so I was not able to attempt to imitate 
their conditions exactly. In their malt diastase experiments, they 
generally worked with 5°/, starch paste, and if this concentration were 
used in the pancreatic extract digestions, it may have been the chief 
cause of the difference observed. Thus, as noted above, I found that 
with 3°/, starch there was a distinct increase in the maltose formation, 
as compared with that obtained with more dilute starch. Unfortunately 


by my method it would have been practically impossible to obtain A 


1 Proe. Roy. Soc. 1880, p. 398. 
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accurate results with starch of greater concentration than this of 3°/,, 80 
I did not attempt it. Brown and Heron seem to have employed 
very much more ferment than I have done, for they say that about 3 cc. 
of extract were used for each grain of starch. Even if this be a misprint 
for gram, they would still have been using more than ten times the 
volume of extract employed by me. 

Even more striking than the differences observed in the action of 
malt and of pancreatic diastase at 38°, are those occurring at higher 
temperatures. Thus Brown and Heron found that malt diastase had 
practically the same action at 60° as it had at 40°, it still converting 
80°/, of the starch into maltose. On the other hand we saw that 
pancreatic diastase would only convert 60°/, or less of the starch at this , 
temperature. At higher temperatures still, malt diastase also has its 
activity curtailed, for Brown and Heron found that at 75° only 30°/, of 
the starch was converted into maltose. By rendering the malt extract 
slightly alkaline with caustic soda, and allowing it to act at 66°, they 
reduced its starch converting power to 20°/,, and so an apparently small 
change in the conditions of action of the ferment may seni: alter — 
the course of that action. 

It will be noticed that the percentage of starch converted into 
maltose in the various experiments was always a multiple of ten, it 
being either 20°/,, 30°/,, or 80°%/,. Brown and Heron accordingly 
concluded that the simplest formula for soluble starch was 10C,,H,,O,, 
and that C,,H,,0,, groups were successively split off and converted into 
maltose. My own results are obviously in agreement with this hypo- 
thesis, for I found that human saliva converted 80°/, of the starch into 
maltose, whilst pancreatic diastase converted about 70°/, when acting 
at 38°, and 60°/, when acting at 60°. Brown and Morris’ subsequently 
concluded that the formula of starch was ten times greater than that 
above given, but whatever the formula, there can be no doubt as to the 
tendency of the starch molecule to undergo hydrolysis in tenths. 

The above noted differences in the action of malt and pancreatic 
diastases will probably be considered sufficient to indicate that they are 
essentially different bodies, but there is another argument more con- 
vincing than any of those offered. The one ferment is of vegetable 
origin, and the other of animal, and as far as I am aware, no instance is 
known of a complex organic body, such as a proteid, common to 
members of both animal and vegetable kingdoms. In the case 


1 Trans. Chem. Soc. 1885, p. 527, and 1889, p. 449. 
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of the pancreatic diastases themselves, however, one cannot speak 
with such certainty. It is true that the digestions effected by them 
differ considerably from esch other as regards their reactions with iodine, — 
and their initial rate of maltose formation, but we have seen that if 3°/, 
starch be substituted for the usual ‘5°/,, the course of the digestion is 
more affected than if the pancreatic diastase of the sheep be substituted 
for that of the pig. It is possible, therefore, that the extracts of the 
gland of each animal contain minute quantities of certain poisonous 
substances, which modify the action of the ferment, and bring about — 
the differences in question. Against this view is the fact that an 
extract of pancreas which has greatly deteriorated induces just the 
same course of action as a powerful extract, though of course it 
must contain—proportionally to its activity—-very much more of the 
hypothetical poisonous substances. On the whole, therefore, it seems 
reasonable to assume that the diastatic ferment occurring in the 
pancreas of, for instance, the pig and the dog, is actually a different 
body from that found in the pancreas of the sheep and ox. 

The diastatic ferment of human saliva seems to be essentially a 
different body from the ferment of the pancreas, and also from malt 
diastase. Thus, like the latter ferment, it converts 80°/, of the starch 
into maltose, not 70 °/,, but on the other hand it has the slowest rate of 
maltose formation during the first few minutes of digestion, instead of 
the fastest. 

It may have been noticed that in the above observations it was 
always assumed that maltose was the only sugar formed. In the case 
of pancreatic diastase digestions, of course, this is not strictly the case, 
but Brown and Heron have shown! that the rate of formation of 
dextrose is very slow during the first few hours of a digestion, so that one 
may for practical purposes ignore its presence. Probably not more than 
about 1°/, was formed in the 3 hours during which the digestions were 
continued, and if the proportions of starch converted into sugar be 
corrected by this amount, they approach more — than ever to the 
theoretical 70°/,. 


SUMMARY. 


The progress of the colour reactions of digesting starch with dilute 
iodine varies considerably according to the nature of the diastase 
employed. With ferment sufficient to give an achromic point time of 


1 loc, cit. 
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10 minutes, extracts of pig and of dog’s pancreas take about 24 minutes 
to digest starch to the deep violet stage—as tested with iodine—and 
7 minutes to digest it to the pale red-brown stage. Extracts of sheep 
and of ox pancreas take only about 14 minutes to digest the starch to 
the violet stage, and 4} minutes to the red-brown stage, whilst extracts 
of human pancreas take intermediate times. Human saliva took about 
14 and 5} minutes for the respective stages, whilst malt diastase took 
only about 4 and 24 minutes. — 

The rate of change of the colour reactions is not much affected by 
the addition of NaCl, or of a minute quantity of HCl, or by varying 
the dilution of the starch from 1°/, to 125°/,, but is greatly influenced 
by temperature. With glycerin extract of pig’s pancreas acting at 60° 
instead of at 38°, the times of reaching the violet and brown stages 
were respectively 1 and 5 minutes, instead of 24 and 63 minutes, whilst 
at 20° they were 3} and 7} minutes. 

The amount of starch converted into maltose was determined by 
Pavy-Fehling solution, checked by gravimetric copper reduction analyses. 
With Pavy’s solution, the reducing powers of maltose and lactose are 
respectively 51°0 and 643°/, that of dextrose. With this solution, 
in contradistinction to that of Fehling, each molecule of dextrose 
corresponds to six molecules of CuO, not five, but both solutions react 
in the same way with maltose and lactose. Thus if the above numbers 
be multiplied by $, they give values of 61:2 and 77°1°/, for the reducing 
powers of maltose and lactose respectively, 1.e., practically the values 
obtained with Fehling’s solution. 

Taking in all cases sufficient ferment to give an achromic point 
time of 10 minutes, it was found that the rate of conversion of starch 
into maltose by extracts of sheep and ox pancreas is more rapid, at 
first, than with extract of pig’s pancreas or with human saliva, but at 
the achromic point time the amount converted varied only from 59-7 
to 56°9°/, with the different ferments. After 3 hours’ digestion at 38°, 
the amount converted by the pancreatic extracts was always slightly 
over 70°/,, whilst with human saliva it was 80°/,. With malt diastase, 
the maltose is formed so very much more rapidly that after 10 minutes 
79°/, of the starch was converted. After 3 hours, however, in con- 
firmation of the results obtained by Brown and Heron, it was found 
that only slightly over 80°/, is converted. 

When 1°/, or 3°/, starch is used instead of the usual ‘5°/,, the 
initial rate of maltose formation is considerably increased, but the 
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final amount of starch converted is practically unchanged. Also the | 
substitution of potato starch for arrowroot has very little effect. 

With extract of pig’s pancreas acting at 60° instead of at 38°, only 
60 °/, or less of the starch is converted into maltose, instead of 70°/,. 

It will be seen that the results are in good agreement with Brown 
and Heron’s hypothesis that the starch molecule undergoes hydrolysis 
in tenths. | 

It is concluded that malt diastase is an essentially different 
body from animal diastase; that salivary diastase is different from 
pancreatic, and that probably the pancreatic diastases of various 
animals are different bodies. | 
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ON THE DIGESTION .OF CANE SUGAR. By J. H. 
WIDDICOMBE, M.A. Cantab, M.A. Oxon, Fellow and— 
Lecturer at Downing College, and Assistant Demonstrator in 
Physiology, Cambridge. 


(From the Physiological Laboratory, Cambridge.) 


In a paper on the hydrolytic ferments of the small intestine, Brown 
and Heron! published the following among other results. 

1. The dried mucous membrane of the small intestine of the pig 
- possesses in a marked degree the power of hydrolysing maltose and of 
inverting cane sugar. | 

2. Extracts of the mucous membrane are only slightly active in 
these respects. 

3. In regard to both processes, portions of the mucous membrane 
containing Peyer's patches are more active than — without these 
collections of lymphoid tissue. 

It was concluded that the conversion of maltose to dextrose and 
cane sugar to invert sugar probably takes place during the act of 
absorption, and that the leucocytes in the Peyer’s patches play an 
important part in bringing about the changes. 

That part of the subject which relates to the digestion of maltose 
was some time ago re-investigated by Miss Tebb and Dr Shore? who, 
in brief, confirmed the first and second of the former observations, but 
found, in contradiction to Brown and Heron, that the maltose- 
hydrolysing power of the muicous membrane was greater when Peyer's 
patches were absent than when they were present. 

The experiments which form the subject of the iat paper were 
undertaken with the object of confirming or otherwise Brown and 
_Heron’s observations on the changes undergone by cane sugar, and I 
may say at once that my results, as regards the action of Peyer's patches, — 


1 Proc. Roy. Soc, xxx. p. 399. 
Shore and Tebb. Proc. Soc. xix. Journal, Tebb, This 
Journal, xv. p. 421, 1893. 
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- are in agreement with those of Miss Tebb and Dr Shore and opposed 
to those of the earlier investigators. 

Extending my examination to some other points concerning the 
digestion of cane sugar I obtained the results detailed below, some of 
which appear to me to be of importance. 


I. Action on cane sugar of intestinal mucous membrane of pig. 


Comparison of action of portions with ‘and without Peyer's patches. 
Following the method adopted by the observers referred to above, the 


tissues were minced, and dried on glass plates at a low heat. Flasks 
containing the following mixtures were kept in’ the warm chamber at 
temperature and for time stated. When an antiseptic was necessary I 
used 24 c.c. per 100 of a 10°/, alcoholic solution of thymol (which has 
no inverting action on cane sugar). — 


The following experiments may be quoted :— 


inverted by mucous 
membrane 
Without With” 
Quantities Temperature Time patches patches 
Exp. 1. membrane 
es r 
Na,CO, 100 c.c. 38°C. Shhrs. 1941 
ymol sol. 2) 
Ditto 40°C. 194 hrs, 8°236 82°00 
aoe Ditto 88° C. 19 hrs. 29°58 20°47 
Ditto 30—37° C 20h hrs. 3414 20°03 
Ditto 89°C. 174 hrs, 479 27°08 


Controls were made by boiling similar mixtures previous to adding 
the sugar. In none of these controls was there any inversion. Bacterial 
action was effectively prevented by the thymol. 

It will be seen that in every case the mucous membrane without 
Peyer's patches was the more active. 

No comparison can be made between .the various experiments made 
above since the tissues used were from different animals and had been 
kept for varying periods, besides which, differences in the temperature 
and rate of drying might have affected their activity. 

I made many experiments, using material from several animals, and 
in every case the result agreed with that shown above, the mucous 
membrane without Peyer’s patches possessing the greater activity. 

In another series of experiments the thymol was omitted. In 
these it was found that the amount of inversion was large, as much as 


64°/, of the sugar being inverted in one experiment in 6 hours at 
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37°C. The balance of inverting power was sometimes in favour of 
the mucous membrane with Peyer's patches, while in other experiments 
the portions free from patches possessed the greater activity. In every 
case the mixture very soon swarmed with bacteria and a considerable — 
amount of gas was evolved. In one experiment, lasting about 20 hours, 
the sugar was found to have been all consumed. I find no mention of 
antiseptics in the paper of Brown and Heron; it is merely stated that 
the mixtures remained free from organic life. The omission of this 
_ precaution may account for the difference in our results. In support of 
my own conclusion I may say that the lymphatic glands of the pig and 
of the ox were found to have no action on cane sugar, even after 24 
hours. 

An attempt to extract the inverting ensyme by digesting 20 grains 
of’ active mucous membrane with 200 c.c. of Na,SO, °5°/, was a failure. 
The filtered solution produced no inversion in 34 hours at 88—40° C. 


II. Influence of reaction on the inverting action of 
the small intestine. 


In the foregoing experiments alkaline mixtures were used. I sub- 
sequently found that in ‘3—‘5°/, HCl the mucous membrane was in- 
active. The mixtures were made up with water, neutralised, and the 
requisite amount of HCl added to make ‘5°/, or whatever particular 
strength was used. I quote one experiment only. 


A, Sugar 
89°C.  #4hours 33°1°), inverted 


B. Intestine No inversion 


C. Ditto, boiled ” ” ” 


The inverting action is merely muapended under the influence of the 
acid, not destroyed, thus :— 

5 grams dried intestine, 3 grams cane sugar, and 100 cc. HCl -4°/, 
were kept at 38°C., for 34 hours. There was no inversion. The 
mixture was then made alkaline with Na,CO, to the extent of ‘5 °/,. 


1 This was the method adopted by Miss Tebb for maltose. This Journal, xv. p. 421. 
1893. 
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After 24 hours at 38°C. 12°2°/, of the cane sugar was found to have 
been inverted. 

_ The fact that there was no inversion in . the acid mixture, whether 
boiled or unboiled, is most remarkable since free HCl ‘'3—‘5 “ inverts 
cane sugar rapidly, Thus :— 


grams 


B. Intestine 5 grams 
” No inversion 
HCl ‘5%, 100 c.c. 
C. Ditto, boiled ” oy ” 


It would appear that the acid combines with some constituent of 
the mucoys membrane, and in this state of combination it does not act: 
on cane sugar but still prevents the inverting enzyme from doing so. 
Naturally the proteids would be suggested, and this idea is probably 
correct. I have found in several experiments that serum and egg- 
albumin respectively when combined with HCl to the extent of about 
‘4°/, have no action on cane sugar. The acid was allowed to act on the 
proteid for some hours on the water bath, and the sugar then added. 
Even when the HCl amounted to about °5°/, there was little or no 
inversion of the cane sugar in a period of time during which free acid of 
that strength would have inverted about 40°/, of the sugar. 

This effect of proteid in stopping the inverting action of dilute HCl 
I hoped afterwards to apply in ar the action of gastric juice, 
but I first dealt with— 


IIL. The inverting action of the gastric mucous membrane. 
This tissue was treated in a manner similar to that used for the 


intestinal mucous membrane. It was found to invert cane sugar freely, 
but in an acid medium, and not in an alkaline one. Thus— 


Stomach, alkaline reaction, 
A. Stomach 5 grams 
N00, 5 o/, 100 4 42° C, 20 hours No inversion 
Thymol 


B. Ditto, boiled 
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Comparison of stomach and intestine in alkaline medium. 
A. Stomach 5 grams 
lo 100 c. 4 42° C. 18 hours No inversion 
Thymol ” 


B. Intestine (free from 
patches) 5 grams | 


°5 160 17-08 inverted 
¢.c. | 
Comparison of stomach in alkaline and acid media. 
A. Stomach 5 grams 
hours 38°C, Large amount inverted (not estimated) 
HCl -4°/, 100 e.c. 
B. 5 grams 
ugar 
Na,CO, 100 4 ” No inversion a 
Thymo 


C. A boiled control, Ae 
HCl -4°, 


” 


It will be noticed that there was no inversion in the boiled controls, 
either acid or alkaline. In the case of the former then, we again have 
the inverting action of the acid stopped. 

In a final test experiment four flasks containing respectively: A, 
intestinal mucous membrane in acid medium; B, ditto in alkaline 
medium; C, gastric mucous membrane in acid medium; D, ditto in 
alkaline medium. Sugar, and thymol where necessary, were added to 
each and the four were kept at 40°C. for the same time. There was 
abundant inversion in B and C, none in A and D. 

Miura found that the gastric mucous membrane had little or no 
action on cane sugar, but appears to have worked with neutral mixture 
only’. 


: IV. Inverting action of the gastric juice. 

It is well known that gastric juice inverts cane sugar freely. This 
action might be due to (1) the free HCl, (2) an inverting enzyme 
properly belonging to the juice, or (3) an inverting — swallowed 
in vegetable food. 

_ [have been unable as yet to experiment with the pure gastric juice 
of a herbivorous or omnivorous animal, but have used the contents of 
the stomachs of pigs killed shortly after feeding with a little chopped 
and boiled mangel-wurzel and water, they having been previously 


1 Miura, Ztschf. Biol. xxxm. 8. 266. 1895. 
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- starved for about 24 hours, After straining off and filtering the liquid, 
which was acid and free from sugar, it was allowed to act for some time 
on some albumin in order to arrest the inverting action of the acid. It 
was then found that boiled portions failed to invert cane sugar, whereas 
unboiled portions did invert though not very intensely (owing doubtless _ 
to dilution). Three different stomachs were experimented on, all giving 
the same result. In one experiment additional acid was added before 
the proteid, but yet there was no inversion in the boiled control. 

consider therefore that the inversion in the unboiled mixtures was 
brought about by an enzyme, the inverting action of the acid having 
been prevented by the presence of the proteid. I cannot absolutely 
deny that the enzyme might have been derived from vegetable food 
taken before the starvation period, but in view of the rapid inverting 
action of the gastric mucous membrane such a supposition appears 
unnecessary. 

The pancreas has been ‘iota by Harris and Gow to have no 
inverting action’. 

Saliva I found to have no action on cane sugar. This has been 
generally assumed to be the case, but I have seen no definite statements 
on the subject. 


I have been much indebted to Drs A. S. Lea and J, Reynolds Green 
and to Mr F. Gowland Hopkins for suggestions and advice. 


SUMMARY OF CONCLUSIONS. 


1. The intestinal mucous membrane of the pig inverts cane sugar 
freely. 

2. Portions free from Peyer’s patches are more active than those 
containing the patches. 

3. The inverting action is not exercised in an acid medium, but 
the enzyme is not destroyed by acid, its action being merely suspended. 

4, Lymphatic glands do not contain an inverting enzyme. 

5. The gastric mucous membrane contains an enzyme which acts 
in an acid medium, not in an alkaline one. 3 

6. Proteids interfere with or stop the inverting action of dilute 
hydrochloric acid. 

7. Gastric juice contains an inverting enzyme. 

8. Saliva has no action on cane sugar. 


1 This Journal, xi. p. 469, 1892. 
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FATIGUE IN NON-MEDULLATED NERVES. By T. 


GREGOR BRODIE, M_D., Director of the Laboratories of the 
Royal College of Surgeons (Eng.) and Royal College of Physicians 
(Lond.), anD W. D. HALLIBURTON, MD., F.RS., Professor 
of Physiology, King’s College, London. (Six Figures in Text.) 


THE experiments, on which the assertion rests that nerve-fibres are 
not fatiguable, have nearly all been performed with medullated motor 
nerves.. The method adopted in such experiments has been to excite 
the nerves for a number of hours, and to exclude fatigue in the terminal 
structures by preventing the impulses reaching the peripheral organ. 
_ On’ removing the block by means.of.which this is accomplished the 
activity of the peripheral organ is still manifested with undiminished 


force. The,blocks employed have been curare’, a galvanic current’, the 


application of ether’, and in the case of secretory fibres, atropine‘. 

A few investigators have employed non-medullated nerve-fibres in 
their experiments. Eve’ used the cervical sympathetic nerve in the 
rabbit, and after exciting this for twelve hours found that the vaso- 
constrictor apparatus in the ear vessels was still in action at the end 
of this time. The main object of his experiments was to ascertain 
whether any histological change is demonstrable in the cells of the 
superior cervical ganglion. To this end he excited the preganglionic 
fibres. He therefore only incidentally touched the question of fatigua- 
bility of non-medullated fibres. He was also exciting other structures 
(nerve-cells and medullated preganglionic fibres). But so far as can be 
_ Judged from his experiments he showed that non-medullated fibres 
were not fatigued, and even that fatigue of the peripheral vaso-motor 
mechanism is difficult to demonstrate. 


1 Bowditch. This Journal, v1. p. 183. 1885. ? 

? Bernstein. Pfliiger’s Archiv, xv. p. 289, 1877; Wedenani, Centr. f. d. med. 
Wiss. xxu. p. 65. 1884. 

Maschek. Sitzwngsber. d. k. Acad. d. Wiss. Wien. xov. Abth. 3, p. 109. 1887. 

‘Lambert. Compt. rend. Soc. Biol. 10th Ser. Sina 1894. 

5 This Journal, xx. p. 840. 1896. 
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Howell, Budgett, and Leonard’, in a paper on the influence of 
temperature on the irritability and conductivity of nerve-fibres, also — 
incidentally touched upon the question ; they state that vaso-constrictor 
and cardio-inhibitory fibres show no functional fatigue; but as the 
longest time during which they applied continuous excitation was one 
hour, their contention can hardly be considered to be satisfactorily 
proved. 

Another set of experiments has been performed by Miss Sowton’. 
In 1897, Dr Waller* alluding to his well-known theory that carbonic 
acid -is produced during the activity of nerve, writes, “You have seen 
that such a (medullated) nerve is inexhaustible, and yet that it exhibits 
very clear symptoms of chemical change after action (increase of the 
action current similar to that produced by minute doses of carbonic 
acid). All these things (7.¢. including the facts of Wallerian degenera- 
tion) reconcile themselves with the notion that the active grey axis both 
lays down and uses up its own fatty sheath and that it is inexhaustible, 
not because there is little or no expenditure, but because there is an 
ample re-supply.” 

If this tentative suggestion is correct, and the absence of fatigue is 
due to the presence of the fatty sheath, fatigue ought to be demonstrable 

- in nerve-fibres which have no fatty sheath. Miss Sowton selected the 
olfactory nerve of the pike as the non-medullated nerve with which 

_to try the experiment, and the tracing she has published shows that 
the galvanometric replies of this nerve become slightly focbier after 
repeated stimulation. 

As some doubt bas recently been cast on the abadhuie trust- 
worthiness of the electrical response as a sign of nervous activity‘, 
recourse to some other method appeared to us imperative. 

The splenic nerve seemed to be the most convenient for this 
purpose, since it consists mainly of large bundles of postganglionic 
non-medullated fibres: Our first were, con- 
ducted upon this nerve. 

‘The following is the method of procedure we bod: 


A dog is anzsthetised with morphine and a.c.g. mixture or ether, the 
abdomen opened, the spleen exposed, and the splenic neryes which lie by the 
_ side of the main splenic artery are laid bare. It is quite easy to dissect out 


| BRODIE AND W. D. HALLIBURTON. 


1 This Journal, xvi. p. 298. 1894. 

2 Proc. Royal Society, uxvt. p. 379. 

3 Lectures on Physiology. First Series. Animal Electricity, p. 70. 1897. 
+ See Prof. Gotch’s article ‘Nerve’ in Schifer’s Text-book of Physiology. 
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a length of nerve sufficient for the experiment (1.to 1} inches). The nerve 
is cut as far from the spleen as possible, and the spleen is enclosed in an air 
oncometer, as in Schifer and Moore’s' experiments; our instrument differed 
from theirs in that the splenic mesentery with its vessels, &c. enters through a 
long slit at the bottom of the box, instead of through a groove at the side. On 
stimulating the nerve with a faradic current the organ contracts and the record- 
ing lever of the writing apparatus falls. In our earlier experiments we some- — 
times used a Marey’s tambour, or a piston-recorder. As, however, the range 
of these instruments proved to be too limited for our experiments we abandoned 
them for a light flexible bellows? made of cardboard and peritoneal membrane. 
This is brought into communication with the spleen box by a piece of stout 
india-rubber tubing, and can be very accurately calibrated ; the amount of the 
fall or rise of the lever attached to the upper surface of the bellows thus gives 
us @ measure in c.c. of the decrease or increase of the splenic volume. 


It is not absolutely necessary to use any recording apparatus at 
all; the shrinkage of the spleen when the nerve is excited is perfectly 
evident to the eye, and is limited to that portion of the spleen which 


Fig. 1. Dog. Morphine and ether. The upper line gives the splenic volume, the second 
the carotid blood-pressure. The signal line is 6 cms. above the zero of blood-pressure. 
Time tracing in seconds. During the time indicated by the signal a large splenic 

nerve was stimulated. Coil at 2ems. The decrease in volume of the spleen amounted 
to 6 ¢.c. This tracing is the same size as the original. 


1 This Journal, xx. p. 1. 1896. 
2 This piece of apparatus was exhibited by T. G. Brodie at the International Congress 
of Physiologists. Turin, 1901. See also this Journal, xxvu. p. 473. 1902. 
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is innervated by the nerve-fibres on the electrodes. Still it appeared 
to us advisable to employ the exact method of registration just described, 
as it gave us quantitative differences in the contractions recorded at 
different times. 

Simultaneously with the splenic tracing we always took a tracing 
of the arterial blood-pressure from the carotid artery. This we did 
because most of our experiments lasted many hours, and the condition 
of the arterial pressure furnished us with a convenient means of 
gauging the general condition of the animal. We give (Fig. 1) a typical 
tracing of the result obtained on stimulating the nerve. 

A slight rise of arterial pressure usually occurs simultaneously with 
the contraction of the spleen (see Fig. 3, D), an effect the cause of which 
is discussed later (p. 197). i 

We next found that a longer stimulation does not keep the spleen 
contracted, but that the organ gradually returns to its original volume 
in spite of the stimulation. The production of this condition is also 
clearly shown by recording the successive contractions produced by 
short excitations repeated after brief intervals of rest. This is shown 
in the next tracing (Fig. 2). 


Fig. 2. Dog. Morphine and ether. Splenic volume. At the times indicated by a rise of 
the signal line a splenic nerve was stimulated. The strength of the stimulus was the 
same in all four instances. Du Bois coil, 2 Leclanché batteries, coil at 6 cms. Time 
tracing records seconds. This figure is rather more than half the size of the original 
tracing. The first contraction caused a diminution in volume amounting to 14 c.c. 


Here it will be seen that the effect of each stimulation is smaller 
than the preceding, and in the end hardly any response is noticeable. 
This is due to some change analogous to fatigue in the terminal 
structures, for the fourth excitation of the series in the record (Fig. 2) 
was applied to a piece of nerve nearer to the spleen than that which 
was excited during the first three excitations. That it was not due 
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to fatigue of the nerve-trunk was excluded by our subsequent experi- 
ments. 

It was, therefore, evident that we must have recourse to some 
form of block so as to prevent the nerve-impulses reaching the spleen. 
Curare and atropine are both ineffective, and so we tried the constant 
current. This was sent in by means of platinum electrodes, placed 
between the exciting electrodes and the spleen, and it proved a very 
effective block. But it has this disadvantage; the polarisation of the 
nerve lasts so long that a considerable time elapses after the removal 
of the current before the fibres can once more conduct nerve-impulses. 
After quite a weak current (4 of a Daniell cell) has been sent in for two 
minutes the nerve does not transmit impulses for an hour or more; it 
then slowly recovers. If, therefore, faradic excitation of the nerve is 
kept up all the time the constant current is in, and fails to cause a 
contraction of the spleen when the constant current is removed, it is 
impossible to say whether this is due to fatigue of the nerve-fibres on 
the proximal side of the block, or whether it may not be due to the fact 
that the block created by the constant current is still effective. 

Non-medullated fibres are much more sensitive to the polarisation 
effects..of.a constant current than medullated nerves are. We made 
control experiments on the dog’s sciatic nerve ; the block created in the 
sciatic passes off much more rapidly, and even when six Daniell cells 
are employed has disappeared in twenty minutes after five minutes’ 
exposure. The prolonged injurious effect produced by a constant 
current was observed by Wedenski, who avoided it by reversing: the 
direction of the current at fairly frequent intervals, We tried this with 
our non-medullated nerves, but were never able to abolish the effect, 


so as to be certain the block ¥ was removed immediately the current was 
broken, | 


We had, therefore, to employ a block which would be at once 
effective and immediately removable. We found that cold fulfils these 
requirements admirably. The nerve rests on a pair of platinum 
electrodes, and on a metal tube through which cold brine can be kept 
flowing. This tube is interposed between the electrodes and the spleen, 
The electrodes and tube are mounted on a small block of wood which 
can be easily kept in position, and the nerve is kept moist by a cover of 
thinrubber. Ifthe temperature of the fluid is just about freezing point’, 

? As the nerve and tube lie within the body the fluid is warmed several degrees when 
circulating through the tube; it is therefore necessary to employ a colder solution (a few 


degrees below zero) than would suffice to block the impulses if the nerve was freely 
exposed to the air. 
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nerve-impulses are completely blocked. Immediately the cold fluid 
is replaced by warm (36°C.) the nerve conducts the nerve-impulses 


We ascertained first the effect of these variations of temperature 
without using the exciting current. ‘The effect is almost inappreciable ; 
sometimes we have noticed a slight slow expansion of the spleen when 
the cold saline is turned on, and sometimes an increase in the amplitude 
of the splenic waves. Turning on the warm solution -subsequently 
produces the opposite effect, but this is always extremely small. 

If the brine in the tube is kept at the low temperature mentioned, 
and the nerve is being excited with strong induction shocks all the. 
time, the spleen remains irresponsive; the nerve-impulses are able to 
réach the block but not to pass it. If now warm water is passed 
through the tube, thus removing the block, and the spleen continues 
to be irresponsive, we have a proof that the piece of nerve between the 
electrodes and the tube has been fatigued. — 

Our experiments have, however, shown us that the splenic nerves 
are just as difficult to fatigue as medullated motor fibres. We have 
done 4 number of experiments in which we varied the length of time 
during which the nerve was stimulated, but even after the longest 
period (six hours) the nerve is practically as excitable as it was at the 
start, for a good splenic contraction is obtained when the cold block is 
removed. One of our numerous _diitpee records i is shown in the next 
tracing (Fig. 3). 

At the commencement of this experiment the spleen gave the 
contraction reproduced in Fig.1. The duration of the stimulus was 
9 seconds and the secondary coil was 2cms. from the primary. The 
nerve was next blocked by cold, and after a short time the secondary 
coil was pushed home on the primary, and the stimulation continued 
with short intervals at the end of each hour to test whether the nerve 
remained excitable. After the total duration of the excitation had 
amounted to 3 hours the tracing of Fig. 3 was taken. At the beginning 
of this tracing the nerve was still being stimulated. At A the current 
of cold saline was stopped and replaced by warm water at B. It is seen 
that 7 seconds later the spleen commenced to contract. The stimulation 
was stopped at C, and 44 seconds later, ie. at D, the nerve was again © 
excited for 10 seconds when a very. marked contraction resulted. This 
contraction was larger than that of Fig. 1, for as already pointed out 
the strength of the stimulus had been increased a little. In this 
experiment the nerve was still further excited, until the sum of the 
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~ times of stimulation amounted to 44 hours but still with the same 
result. 

From experiments such as this, and from others in which the time 
of excitation amounted to more than 6 hours, we conclude that the 
splenic nerve-fibres cannot be fatigued. 


Fig. 8. Dog. Morphine and ether. A large splenic nerve has been excited continuously 

- for three hours. This excitation is still continued at the beginning of the tracing. 

The upper tracing is that of the splenic volume. The second, the blood-pressure taken 

from the carotid. The next line is a signal line. The zero-abscissa of blood-pressure 

_ is 5 ems. below this line. The time record marks seconds. This figure has been 
reduced to about two-thirds of the original size. 


We examined histologically some of the nerves which had been 
excited, and found the vast majority of the fibres were non-medullated, 
but that there were always a few fine medullated fibres. In one 
specimen, for instance, we found as many as 50 medullated fibres, 
whereas the non-medullated were present in thousands. In reply toa 
letter from us regarding these fibres Dr Langley kindly wrote to us as 
follows : 

“The medullated fibres peripheral to the solar plexus are partly 
afferent, partly preganglionic, which have not yet reached their cell- 
stations (very few of these go to the spleen), and partly medullated 
post-ganglionic. They all, but especially the last, vary in number in 
different animals.” 

“The external carotid branch of the superior cervical ganglion in 
the rabbit, which amongst other structures supplies the ear, contains 
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very few medullated fibres, half-a-dozen perhaps, and possibly these are 
all afferent.” 

Even if all those fibres of the splenic nerve which are medullated 
were motor it is hardly possible to imagine that the effect we obtained 
could be due to them, having regard to their insignificant number, and 
the very large area of the spleen’ which contracts. 

A possible source of fallacy in our experiments was pointed out by 
Prof, Gotch at a meeting of the Physiological Society when we gave a 
demonstration on this subject. He suggested that the distance between 
the exciting electrodes and the cooling tube, 7.¢. five millimetres, was 
possibly too short, and that the effect of the cold might spread to the 
position of the exciting electrodes, and annul the excitability of the 
nerve to faradic stimulation at this spot. If this were so we should 
not have been starting nerve-impulses at all, and our method would, 
therefore, be useless for determining the problem. Since then we have 
performed another experiment, which has convinced us that Professor — 
Gotch’s objection will not hold. The experiment to test the point is 
very simple, and consists in reversing the position of the cooling tube 
and the electrodes. The cold brine was kept flowing for 46 minutes, 
and its temperature 0° C. at first was depressed until it reached — 5° C. 
(the outflow water having a temperature of — 3°C:)'. The effect did not 
spread to the exciting electrodes; and at each test excitation during 
this period, between one and two hours, the spleen executed as large 
contractions as it had shown before the cold brine was allowed to run. 

We have extended our observations to other nerves, and our first 
experiments in this direction were performed upon the cervical sympa- 
thetic. 

The external carotid brangh was dissected out, and left in con- 
nection with the superior cervical ganglion; all the other branches of 
the ganglion were divided. The nerve in question breaks up into twigs 
around the artery very soon, so that it is not possible to isolate more 
than about half-an-inch: the ganglion forms a convenient handle by 
means of which the nerve can be lifted on to the electrodes. We at 
first placed the nerve beyond the electrodes on a tube through which 
cold brine was kept flowing, and found that cold here as in the splenic 
nerves formed a convenient and perfect block to the impulses. If no | 
block is employed some amount of constriction of the ear vessels 
persists throughout the period of excitation, and flushing of the ear 


+ These are temperatures considerably lower than those we have found it necessary to 
employ in our experiments. — 
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takes shige when the stimulation ceases, In one experiment we 


continued stimulating for six hours, with occasional brief stoppages to 
observe the relaxation. 


We found that some constriction persisted during the whole period 

of excitation, but that the constriction gradually decreased, and the ~ 
longer the stimulation was s kept * the less a became the 
final flushing. 
We therefore thought it better to test the questi in a region 
where it would be possible to obtain a graphic record of the result. 
Accordingly we selected the hind leg of the dog as the subject of our 
experiment. The animal was anesthetised in the usual way, and 
sufficient curare was given™to prevent the contraction of voluntary 
muscles on stimulation of their nerves. The limb was enclosed in a 
plethysmograph, and the sciatic nerve was exposed and stimulated. 
The resulting fall of the plethysmograph lever persists ftr about a 
minute, but in spite of the continuance of the excitation the lever 
gradually ascends and in a period varying from five to ten minutes 
has nearly returned to its original level, When the faradisation is 
stopped the plethysmograph lever rises above its previous level, showing 
that vascular dilatation has occurred. If a few minutes are now 
_ allowed to elapse, a second period of excitation leads practically to the 
same result. If only half-a-minute’s interval is allowed, the constriction 
_is less marked, and the return is more rapid. But there is usually a 
small amount of residual constriction, and dilatation occurs on cessation 
of the stimulation. The excitation was kept up in one animal for 
44 hours, with occasional brief intervals to see if dilatation occurred. 
In another animal the excitation was maintained for 5 hours with a 
similar result, 

The results we had obtained upon the blood vessels of the rabbit’s 
ear and the dog’s leg led us to still further extend our experiments to 
other vessels and we therefore performed some upon the intestine. The 
splanchnic was exposed at the lower part of the thorax by resection of 
the posterior portions of two ribs. About 14 to 2 inches of the nerve 
were then dissected out and having been cut centrally the nerve was 
placed upon shielded electrodes, A loop of intestine was enclosed in a 
plethysmograph and its volume changes recorded by a small bellows- 
recorder. The results of these experiments are in the main similar to — 
those we had found with the sciatic. The constriction is at first great 
and remains so for a variable time. In our experiments this time has 
varied from 3 to 8 minutes. A gradual dilatation then sets in and 
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fd a time varying from 6 to 25 minutes the organ has nearly returned 
to its original volume. If the stimulation is stopped soon after this 
stage is reached a further dilatation is recorded which may lead to a 
rise of the recording lever to a higher level than that at the start of the 
experiment. If the stimulation be continued for a considerably longer 
time this dilatation is much less marked and may even be absent. The 
result of a typical experiment is shown in Fig. 4. If the nerve is again 
stimulated within a minute of the cessation of the first stimulation, as 
a rule no contraction is recorded, and if any occurs it is very small in 
amount. If, however, we wait about 15 mins. and then stimulate again, 
we record just the same series of changes as before but with the 
following differences. The amount of contraction is only about one-half 
that of the first, is slower in onset, and recovery begins much earlier. 
Even in these cases, however, it is common to observe a small amount 
of dilatation when the stimulation is stopped. In a number of experi- 
ments of this kind we have repeated the stimulations several times 
until the total duration of excitation has added up to between 5 and 6 
hours, and we have still been able to observe, in a few cases, a dilatation 
on cessation of the stimulation, but the longer the time of stimulation 
has been the less marked is the ultimate dilatation. This is well seen in 
Fig. 5. We have in all cases controlled our results by inspection of 
the intestine itself. The blanching with the first excitation is of course 


_ very evident and so is the, dilatation which comes on during the course 


of the stimulation, but the dilatation occurring when the excitation is 
stopped is at best very difficult to observe, and in many instances was 
quite undetectable although a reference to the record proved that one 
had taken place. 

We see, therefore, that in all our experiments upon blood vessels we 
invariably found that the constriction passed off in spite of a con- 
tinuance of the excitation, and that this was especially the case when 
the splanchnic or the sciatic was stimulated. Also, on cessation of 
stimulation there may be no further dilatation (Fig. 5), though usually 
some was recorded, When obtained it was never great in amount, 
rarely exceeding th of the amount of the original constriction. Since 
the completion of our experiments we have found that the same effect 
has been observed by Howell, Budgett, and Leonard?! for several 


ge different sets of. sympathetic fibres. ‘They, too, record it for the blood 


vessels of the hind Finb: sd ‘the sciatic is stimulated, and have 
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observed a similar effect when watching the dilatation of the pupil 
following stimulation of the cervical sympathetic in the rabbit. — 

In attempting to determine to what cause this effect is due we have 
several possibilities to consider. It may be a peripheral effect, 1.¢. it 
may be due to fatigue of the muscle or nerve endings. Or again, it 
may be a local effect upon the nerve at the spot excited, or an effect 
upon the whole length of nerve down to the vessels. If a local effect 
upon the nerve it may be due to mechanical injury, to polarisation, or 
to local fatigue. Of these possible causes we consider that a local polarisa- 
tion due to the current is the most probable explanation, though there 
are indications that other factorstake some part in its production. Thus 
we found that, if the electrodes are shifted nearer the periphery after 
we had excited the nerve for a time long enough to allow dilatation 
to occur, a good constriction could be obtained. This constriction 
was only in rare cases as extensive as the original, but was usually less 
- in amount and slower in development, indicating as we think some 
degree of fatigue either of the muscles or nerve endings. If, after a 
prolonged stimulation, we tested the different parts of the nerve we 
found, as above stated, that stimulation below caused constriction, 
stimulation at the original spot caused no effect even if the strength of 
stimulation was increased, and finally that stimulation above the 
original level also caused constriction in the majority of cases. In this 
latter case the constriction was never quite so marked as that produced 
by exciting below. 

The condition of the nerve isbtens oat that it was inexcitable at 
the original spot stimulated, but excitable above and below that spot, 
and further that though inexcitable it could still conduct, but to a 
somewhat less degree, than in the parts which had not been stimulated. 
Howell noted that the effect was mainly a local one and pointed out — 
that by moving the electrodes peripherally a further good contraction 
could be obtained. They speak of the effect as “stimulation fatigue,” 
but the use of the term fatigue in this connection is we think scarcely 
a wise one. We have so frequently observed the extreme sensitiveness 
of these non-medullated fibres to electrical currents that we are much 
rather of the opinion that we are here dealing with a polarisation effect. 
This is also supported by the fact that the nerve just below the part 
stimulated is still excitable and gives no evidence of fatigue. To 
avoid polarisation we performed experiments in which we used the 
Helmholtz modification and non-polarisable electrodes, but here again 
obtained the same results as before. We also excluded the possibility 
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that they were due to the use of too strong a current of stimulation or 
to mechanical pressure on the nerve. 

In order to avoid any possibility of polarisation we have attempted 
mechanical and chemical stimulation but have not been successful. 
All the forms. of mechanical stimulation have proved most ineffectual. 
Thus stimulation by dropping mercury on the nerve or by v. Uexkull’s 
tetanometer very rarely excited at all, and if any effect was produced it 
was minimal. Pinching the nerve is effective, but is obviously useless 
for our experiments for it destroys the nerve and the stimulus lasts but 
a short time, 

With regard to chemical stimulants, we obviously could not employ 
any reagent which would affect the nerve injuriously. Of the chemical 
agents employed by previous workers, sodium fluoride appeared to us 
to be the one we were in search of, since its effects can be abolished by 
washing it away with physiological salt solution. We used solutions of 
this salt varying in strength from 1 to 4 per cent. but with absolutely 
negative results. Dilute sulphuric acid also caused no excitation. It 
may be mentioned here that one of us (T. G. B.) has tried dilute acids 
and alkalis, sodium sulphate, sodium chloride, and magnesium sulphate 
of various strengths upon the vagus in the cat but in all cases with 
negative results. 

It is a very curious thing that different nerves vary in the readiness 
with which ‘stimulation fatigue’ may be produced. Of the nerves 
tested by Howell, Budgett, and Leonard it was shown most clearly 
by the vaso-constrictor and sweat fibres of the sciatic nerve. Vaso- 
constrictor fibres at their origin from the cord, and in the cervical 
sympathetic where they are medullated do not exhibit this phenomenon. 
Such a distinction between medullated and non-medullated nerve-fibres 
was, however, not found to be of universal application; for instance 

‘stimulation fatigue’ was as readily produced in the sweat fibres in the 
part of their course where they are medullated, as in the se where 
they are non-medullated. 

To this we have to add, that various non-medullated fibres show a 
similar difference; the non-medullated splenic nerves do not show any 
‘stimulation fatigue’ even after six hours’ excitation, or if any is at 
all noticeable it is exceedingly slight. In the investigation of this 
phenomenon there is of course no necessity to have recourse to a block. 
After the completion of our experiments on the sciatic and splanchnic 
nerves we returned once more to the splenic nerves, and some experi- 
ments without a block fully confirmed our. earlier results; little or no 
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stimulation fatigue was discoverable. In the case of the splenic nerves 
‘peripheral fatigue’ is much more easily produced. | 

_ When we consider how insensitive mammalian nerve-fibres are to 
chemical, mechanical, or thermal stimuli, whereas they respond very 
readily to electrical stimuli, it becomes probable that. electrical stimula- 
tion must produce some very considerable disturbance at the spot 
excited. If this is so, we can readily understand that prolonged 
stimulation by electrical currents of high potential may produce marked 
injury at the excited spot, especially if the nerve is a very sensitive one. 
In this connection, too, it is important to emphasize the point already 
noted, that. though a nerve in which “stimulation fatigue” has been 
produced is inexcitable it can still conduct. That is, that though it 
cannot respond to the very abnormal mode of excitation by an electrical 
stimulus it can still carry on its normal and proper function, viz. that of 
conduction, in which the spot is excited by the proper physiological 
impulse. 

To sum up, ‘although we are inclined to regard the phenomenon * 
‘stimulation fatigue’ as probably due to the injurious polarisation 
effects produced by electric currents at the spot of nerve stimulated, 
we are unable to be quite positive that this is the correct explanation, 
first because of our inability to control our experiments by the methods 
of mechanical or chemical stimulation, and secondly because we are 
unable to explain the difference just noted between various nerves. 

The main object of our research was to test Dr Waller’s hypothesis 
that the presence of a medullary sheath explains why fatigue in nerve- 
tibres cannot be demonstrated. By the use of our methods of investi- 
gation we have shown that functional fatigue is just as ditlicult to 
produce in non-medullated as in medullated nerves. : 

Although some recent observers' have once more aflirmed that the 
non-medullated fibres possess a thin medullary sheath, we consider that 
‘Tuckett? has satisfactorily proved that this is not the case. 

We are therefore convinced that Waller’s hypothesis cannot hold. as 
a correct generalisation for all nerve-fibres. 

On @ priori grounds we should not have expected tu find that 
non-medullated fibres are peculiarly susceptible of fatigue, seeing that 
some of them, especially the vaso-constrictors, are continually in action, 
and that dilatation of the vessels always occurs when they are cut. 


1 Gad and Heymans. Arch. f. (Anat. u.) Physiol. p. 531, 1890; Ambronn and 
Held. Arch. f. Anat, (u. Physiol.) p. 201. 1896. 
This Journal, p. 267. 1895-6, 
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' . Certain side issues of our work have attracted our attention; one 
of these is the remarkable sensitiveness of non-medullated fibres to the 
polarising effect of a constant current; another is the rise of arterial 
blood-pressure which accompanies splenic contraction ; and a third is 
the question whether on prolonged Te non-medullated fibres 
become acid. 

_ We will take these three points one by one. 

1, The duration and intensity of the blockage created by quite 
weak constant currents has already been alluded to. Two minutes’ 
exposure to a current equal to one-third of a Daniell cell creates a 
block which lasts for more than an hour, and yet in the case of the 

same nerve (the splenic nerve with which most of our experiments 
have been performed, and in which so-called ‘stimulation fatigue’ is 

not @ noticeable phenomenon), several hours’ excitation with alternating 
induction shocks produced in the usual way by the Wagner’s hammer 
of the inductorium has very slight polarising effects. We thought it 
worth while to ascertain whether a succession of induction shocks all in 
the same direction would produce an effect comparable to that caused 
by the constant current. In order to do this we used the key previously 
described by one of us'. In some experiments we used only make 

. shocks, the break shocks being all short-circuited. In others we used 
break shocks only. We found, as we anticipated, that the effect produced 
is comparable to that caused by the constant current, though it 
naturally takes longer to develop. We used the same induction coil 
as before with two cells, the secondary coil being pushed home. The 
rate of stimulation was about twenty times per second. 

In one dog, the piece of splenic nerve excited was polarised, or to 

put it another way, manifested loss of excitability due to ‘stimulation 
fatigue’ after 35 minutes’ excitation ; in another animal about an hour 
and a half was necessary to produce the same effect. The block created 
in this way extends some little distance (three or four sixteenths of an 

inch) beyond the excited spot and lasts for about an hour. We consider 
that such experiments support the hypothesis that ‘stimulation fatigue’ 
is a polarisation phenomenon. 

The sensitiveness of non-medullated nerve to electrical currents 
suggests to us two possible explanations of the effect observed by 
Miss Sowton on the non-medullated fibres of the pike’s olfactory nerve. 
In the first place the diminution she found in the galvanometric 
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response in this nerve after repeated stimulation is probably not an 
indication of true functional fatigue. For by repeated closure of the 
galvanometer circuit the nerve is being repeatedly submitted to the 
_ influence of a weak galvanic current, namely, the action-current of the 
nerve itself, and the diminution of the amount of galvanometric 
response may be simply the result of the polarising effect of a constant 
current. In the second place, she may have been dealing with an instance 
of ‘stimulation fatigue.’ She at any rate does not mention in her paper 
that she shifted the position of her exciting electrodes. 

| 2. The second side issue of our work to which we have devoted 
attention is the rise of blood-pressure which occurs on stimulating the 
peripheral end of the cut splenic nerves. 

Using the calibrated bellows recorder, the amount of blood squeezed 
out by the contracting spleen into the general circulation was found to 
average 10 to 15 cc. We doubted at first whether this slightly 
increased flow, acting through the liver and pulmonary circuit, could 
be sufficient to account for the rise of carotid blood-pressure observed, 
but we found on actually testing the point that this simple explanation 
is the correct one, and that it is unnecessary to suppose that there 
is any nervous reflex concerned. We injected 10 cc. of defibrinated 
blood into the splenic vein at a rate comparable to that produced by 


the contracting spleen, and invariably found a slight rise of arterial . ... 


pressure similar to that seen in our previous tracings, 

Fig. 6 shows the graphic record of such an experiment; in A, the 
rise of arterial pressure which accompanied a splenic contraction (equal 
to 10 cc.) is shown; B shows the similar effect produced in the same 
animal by injecting 10 c.c. of defibrinated blood into the splenic vein. 


Physiological salt solution injected in the same way produces a 
similar result. In. one dog we employed, this rise of arterial pressure was 
always in the case of salt solution, even if warmed to body temperature, 
followed by a marked fall; the same occurred if the injection was made into 
the crural vein, We have very seldom noticed this effect in other animals, 
and we are unable to account for it; no doubt this particular animal was in 
some way peculiarly sensitive fo salt solution. Defibrinated dog’ blood 
produced no such fall. 


3. We tested the reaction of the stimulated nerves, thinking that 
here was a favourable opportunity of ascertaining whether on long- 
continued excitation there is a development of acid similar to that 
described by Eve and others in the central grey matter. The absence 
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of acidity in medullated nerve might be possibly:due to the masking 
effect of a mass of myelin. We, however, never found that the splenic 
nerves even after the longest stimulation became acid to litmus. We 


= 


B 
Fig. 6. Dog. Morphine and ether. Tracings of carotid blood-pressure ; time in seconds. 
A. During the time indicated by the rise of the signal line, excitation of a splenic 
nerve caused contraction of the spleen; in B, during the time indicated by the rise 
of the signal line, 10 c.c. of defibrinated dog’s blood was injected into the splenic 
vein. In both 4 and B there is a slight rise of pressure. Original size. 


did not investigate the question of carbonic acid production. There 
was also no histological difference between the portion of the nerve 
which had been excited and that which had not, 
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GENERAL CONCLUSIONS. 


The main results of our work are the following. 

1. Using cold as a block in the same way that Bowditch used 
curare and Bernstein a galvanic current in their well-known experi- 
ments which showed the non-fatiguability of motor medullated nerve- 
fibres, the non-medullated nerves of the spleen even after many hours of 
stimulation give no demonstrable evidence of fatigue. , 

2. Non-medullated nerve-fibres do not become acid to litmus as 
the result of the prolonged stimulation described in our experiments. 

3. The small rise of arterial blood-pressure which occurs soon after 
the splenic contraction begins is due to the increased flow through the 
liver produced ‘by the increased output of blood from the contracting 
spleen. 

4. In experiments on fatigue i in non-medullated nerves, the constant 
current is not suitable as a blocking agent. Non-medullated fibres 
like those in the splenic nerve are remarkably sensitive to the constant 
current and do not transmit nerve-impulses for a considerable time — 
after quite weak currents have been passed through them for short 
periods. Induction shocks in one direction produce a corresponding ~ 
polarising effect only more slowly, but if one uses induction shocks in 

alternating directions any appreciable amount of ‘stimulation fatigue’ 
_ does not occur in the splenic nerve even after several hours’ excitation. 

5. The term ‘stimulation fatigue’ introduced by Howell, Budgett, 
and Leonard indicates that certain nerves (mainly but not entirely of 
the non-medullated variety) are injuriously affected by prolonged 
faradic stimulation, so that the spot which has been excited is no 
longer excitable until a considerable period of rest has elapsed. 

6. We have noticed in the spleen that ‘peripheral fatigue’ is 
induced somewhat readily. We have seen but little evidence of this 
in vaso-motor nerves; the vaso-motor nerve-fibres we have mainly 
tested are those in the sciatic and splanchnic nerves. These nerves 
do not manifest signs of ‘functional fatigue’ in the course of the nerve- 
fibres. They, however, differ from the splenic nerves in that the 
phenomenon of ‘stimulation fatigue’ is produced with comparative 
readiness. 

_ 1, A portion of nerve in which ‘stimulation fatigue’ has led to a 
complete loss of excitability can still transmit nerve-impulses, though 
its power in this direction is somewhat impaired. 


13—2 


i 
i= 
a 
a 
‘ead 
- 
7 
reg 


200 . G. BRODIE AND W. D, HALLIBURTON. 


8. We think that the use of the term fatigue in this connection 
is not correct. We are inclined to believe that it is due to the injurious 
polarisation produced by electric currents. We were not however able 
to establish this hypothesis by control experiments in which mechanical 
or chemical excitation was employed, for non-medullated fibres show 
little or no response to this form of excitation, unless the mechanical 
means adopted are such as to injure the nerves. We are also unable 
to explain why different nerves like the splenic and the intestinal 
should manifest so great a difference in the readiness with which this 
so-called ‘stimulation fatigue’ is manifested. , 

9. The diminution of the action-current observed by Miss Sowton 
after repeated stimulation of the non-medullated nerve-fibres of the 
pike’s olfactory nerve is probably not an indication of true functional 
fatigue, but is possibly produced either by the polarising effect of a 
weak constant current due to the closure of the action-current through 
the galvanometer circuit, or else is a case of ‘stimulation fatigue.’ 
Possibly a combination of both factors comes into play. 


Some of the expenses of this work have been paid from a grant from 
the mh ce Grant Committee of the Royal Society. 


24 March, 1902. 
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NOTE ON FCETAL MUSCLE SPINDLES. By LAURA 
FORSTER, M.D., L.RC.P., 


(From the Physiological Laboratory, Oxford.) 


THE work, the details of which form the present short note, is entirely 
concerned with the histological examination of a number of serial 
sections of human muscles in embryos of 4, 5, and 6 months. 

The 4th month foetus was hardened in 24° /, Miiller’s fluid. 

The 5th month fcatus was hardened in potas. bichrom. 5°/,, then 
put into Tellyesniczky’s fluid for 5 weeks. 

The 6th month fcetus was hardened in Zenker’s fluid. 

All three were passed through successive strengths of alcohol and 
embedded in celloidin, part of the 5th month fcetus was embedded in 
paraffin. 

The material, after being embedded in celloidin was stained in alum 
_carmine, and then cut into series. It is important to use the alum 
carmine freshly prepared if one desires to get good nuclear staining. 

The series of sections cut from paraffin blocks were stained chiefly 
in hematoxylin and eosin, but some were also stained in methylblue- 
eosin (not methylene blue): 


Water soluble eosin (i 
Aque dest... Ice. 


From the examination of this material it appeared that in the 
4 months’ embryo the muscle spindles rage sec from those of mature 
muscle in the following points: 

There was no lymph-space to be seen. Christomanos aid 
Stréssner® also mention that they found no lymph-space in the 
muscle spindles of a four months’ foetus. 

The sheath is very thin and difficult to detect, whereas in the 
mature muscle it is a massive structure like the perineurium, having 

at some levels a breadth of 20y. 


d 
> 
‘4 
= 
‘ 
« 
ing 
y 
ot. 
e 
ety 
» 


202 | L. FORSTER. 


In some sections the intra-fusal fibres appear larger than the — 
extra-fusal ones, but. taking the general average no difference in size 
can be made out, while in the adult muscle the intra-fusal fibres are 
considerably smaller than the extra-fusal ones. Killiker gives for 
human adult muscles the greatest diameter of a normal extra-fusal 
fibre as 80y, of an intra-fusal fibre as 27%. The largest intra-fusal fibre 
measured by me in the adult had a diameter of 25y. 

In the 4 months’ foetal muscle careful measurements were taken 
of numerous fibres all through the series of sections, and it was found 
that the largest intra-fusal as well as the largest extra-fusal ones 
measured lly, and the smallest in each case had a diameter of 3p. 
There were, however, only a few fibres that reached these extreme ~ 
limits; the greater proportion measured from 5—8y. 

The nuclei in the centre of the intra-fusal fibres extend through 
several consecutive sections, varying in thickness from 30—40p. It is 
owing to this fact that the fibres appear darker than the extra-fusal 
ones. One finds these central nuclei as a rule in all the fibres at the 
same level. This intensive staining is mentioned also by Baum, and 
Christomanos and Stréssner®. In the series examined by me it 
was found that at certain levels where no central nuclei were present 
the intra- and extra-fusal fibres were equally deeply stained. 

Another point that characterises the intra-fusal fibres at this stage 
is their solid appearance compared to the extra-fusal ones. Fibrillation 
commencing at the periphery of the cell and then extending inwards 
will produce at a certain period the appearance of hollow fibres: the 
peripheral fibrils stain more intensely with carmine and other dyes, 
_ while the non-fibrillar central sarcoplasm only stains feebly. This 
appearance of “hollow” fibres is mentioned by Felix as being found 
in muscles up to a certain period of foetal life, some muscles developing 
earlier than others. I found that in the arm at four months the greater 
number of extra-fusal fibres presented this ring-like appearance, 
whereas the intra-fusal ones were stained throughout, thus showing 
early development. 

In the 5 months’ foetus the lymph-space already exists, and the 
sheath is thicker and more marked than in the earlier stage. From 
measurements taken of numerous fibres at various levels it was found 
that the average diameter of extra- and intra-fusal fibres in the whole 
series was about equal. The largest intra- as also extra-fusal fibres 
measured were 20u, the smallest 3u. The greater number of both 
fibres had a diameter ranging from about 5 to 10u. The deeper 
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staining of the intra-fusal muscle fibres was found as described in the 
4 months’ foetus, but the extra-fusal fibres present a less-marked 
difference, inasmuch as in the greater number of them fibrillation has 
extended to the centre, so that they are stained throughout. 

In the 6 months’ foetus the sheath was found to be slightly thicker 
than in the 5 months’, and the lymph-space wider. The deeper stain 
of the intra-fusal fibres showed no difference as compared with the 
5 months’ foetus. The relative size of intra- and extra-fusal fibres 
varied somewhat. Although the extra-fusal fibres close to the spindle 
were frequently of the same size as the intra-fusal ones, those in other 
parts were often larger. Thus the largest extra-fusal fibre measured 
had a diameter of 22y, whereas the largest intra-fusal one throughout 
the same series only reached li. 

The length of muscle spindles varies as in the adult considerably. 
The lengths were not taken at the four months’ stage, as in consequence 
of the thinness of the sheath it is difficult to determine the exact point 
at which they begin or end, but in the 5 months’ foetus, as the result 
of many measurements, the longest was found to be 0860 mm., the 
shortest. 0480 mm. In the 6 months’ foetus the longest measured 
16 mm., the shortest 0°168 mm. In the adult human muscle I have 
found a spindle of 13 mm. length, and another of 08 mm. 

My observations thus appear to show that the development of the 
muscle spindle progresses with the growth of the foetus, thus confirming 
the view that the spindle is of physiological importance for the fully 
developed muscle, and is not the vestige of an embryonic structure. 

In conclusion, I should like to express my thanks to Professor 
Gotch for kind permission to work in the Oxford Physiological 
Laboratory; I am also most grateful to Dr Mann for his kind help 


and suggestions. 
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ON THE FORMATION OF LYMPH BY THE LIVER. 
By F. A. BAINBRIDGE, M.B., M.R.C.P., Junior Demonstrator 
in Pathology, St Bartholomew's Hospital. (Two Figures in Text.) 


(From the Physiological Laboratory, University College, London.) 


In a paper published in 1898 Asher and Barbéra® put forward 
the view that the formation of lymph is due to increased activity of 


- the tissues, and that alterations in blood-pressure are of little or no 


importance. In that and in subsequent papers they have described the 
changes in the flow of lymph produced by increasing the activity of 
various organs, one of which was the liver. Asher® stimulated the 
activity of the liver-cells by injecting into the circulation blood-serum, 
ox-bile; ammonium salts and sugar; all these substances led to an 
increased flow of lymph from the thoracic duct. He concluded thatthe. _ 
larger flow of lymph resulted from, and was entirely due to, an increased 
metabolism in the liver. He did not, however, give very conclusive 
evidence that the increased lymph came from the liver nor did he 
observe concurrently the blood-pressure, so that it seemed desirable to 
make a further investigation of the matter. 

Methods. All the experiments were carried out on dogs anes- 
thetised by the A.C.E. mixture after a preliminary dose of morphia. 
Usually the animals were kept without food for thirty-six hours before 
an experiment; the lymph was then clear and free from fat, and the 
percentage of solids could be more readily determined. The lymph © 
was in all cases collected from the thoracic duct. The injections were 
made either into the femoral or the splenic vein ; in the latter case the 
spleen was first removed, or all its blood vessels ligatured to avoid the 
congestion and oedema of the spleen, which otherwise is apt to occur 


and to invalidate the results. 


_ When the flow of bile was studied, a cannula was placed in the 
common bile-duct, and the bile was collected and measured ; usually 
the duct of the gall-bladder was ligatured, occasionally this was not 
done, but the results were the same. In most of the experiments the 
abdomen was closed up again by sutures; in one or two cases, however, 
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_ the operation on the bile-duct was carried out while the animal was 
immersed in a hot bath of normal salt solution, and the abdominal | 
wound, being under the surface of the bath, was not closed. 

The arterial pressure in the femoral artery was recorded in almost — 
every experiment. The portal pressure was observed by means of a 
large cannula in the splenic vein, antl the vena cava pressure by means 
of a cannula in the iliac vein. The methods used, which were the same 
_ ag those employed by Bayliss and Starling®, need not be described 
in detail. 

The substances were injected from a burette, and as a rule the fluid 
entered the circulation at the rate of from one to two cubic centimetres — 
per minute; by this means rapid physical changes were avoided. 

The total percentage of solids in the lymph was frequently esti- 
mated. After removal of the clot, a known weight of the clear serum 
was evaporated to dryness at a temperature of 50—55° C., then heated 


to 100° C. in an air bath for half-an-hour to remove a traces of water, oe ‘ : } 


and en cooled and weighed. 


INJECTION OF BILE-SALTS. 


_ In his experiments, Asher® injected ox-bile rapidly into the:jugular 
vein; usually two injections of 20c.c. each were made. As a result, 
the lymph-flow from the thoracic duct increased threefold; the lymph, 
which clotted very readily, contained a considerable quantity of free 
hemoglobin, and an increased percentage of solids. The flow of bile was 
not observed, Bile, however, has a somewhat complex composition, 
and in large doses exerts a poisonous effect, causing a considerable fall 
of blood-pressure ; moreover it contains nucleo-proteid, which has been 
shown by Starling to cause an increased flow of lymph. In view of 
these facts it seemed desirable to use a simpler fluid, and a solution 
of pure sodium taurocholate in normal saline solution was employed. 
Usually from twenty-five to fifty c.c. of a 2°/, solution were injected in 
half-an-hour. In the earlier experiments the injection was made into 
the splenic vein, in the later ones into the femoral vein. 

The injection of 4—1 gram of sodium taurocholate invariably 
produces an increased flow of lymph from the thoracic duct; the flow 
is usually two or three times greater than that before the injection. 
The increase begins several minutes after the commencement of the 
injection, and reaches its maximum in twenty to forty minutes; it lasts 
from 14—2 hours according to the amount of the salt. injected. Asa 
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rule, the lymph becomes tinged with hemoglobin during the second 
ten minutes; the hemoglobin increases in amount for several periods 
of ten minutes, finally becoming fairly constant. The amount of 


hemoglobin is always greater when the injection is made into the 


femoral vein, and by very slow injection into the splenic vein the 
lymph may remain throughout the — free or almost free from 
hemoglobin. 


The —. Protocol illustrates the course of a typical experi- 
ment :— 


10 mins. Remarks 
c.c. 
3°2 | Lymph clear. 
3°9 
79 22 ¢.c. of 3 °/, solution sod. taurocholate 
: injected into vein in 10 mins. 
11°5 Trace of hmmoglobin in lymph. . 
12°6 Slightly more hamoglobin. 
11°4 | Still more hsmoglobin. 


| ~ Ligature of portal lymphatics. After ligature of the liver lymph- 


atics in the portal fissure the injection of sodium taurocholate causes 

no increase in the flow of lymph from the thoracic duct. Clearly, 
therefore, the increase ee observed is derived entirely from the 
liver. 


Exp. Il. Large dog. Ligature of liver lymphatics in portal fissure. 
Lymph ia succes- 


sive 10 mins. Remarks 
0°5 o.c. Lymph slightly blood-tinged, clotted very readily. 
11 
0°8 50c.c. of 3 °/, sod. taurocholate injected into femoral vein. 
0°7 | 
0-4 Lymph very red, clotted with extreme rapidity. 
0°3 


Post mortem, the liver lymphatics were much distended, and the blood was slightly 
laky and clotted rapidly. The portal vein was free, and the ligature firmly tied. 


Solids in lymph. As Starling® has shown liver lymph is more 
concentrated than normal mixed lymph; and Asher relies entirely 
upon this fact to prove that in his experiments the increased lymph- 
flow was derived from the liver. In a considerable number of cases 
I have estimated the total solids in lymph before, and after injecting 
bile-salt. I find that though the bile-salt usually leads to a flow of 
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lymph, which is rather more concentrated than before, it is never so 
concentrated as liver lymph obtained by other means. The change in 
concentration is never large, and may be extremely small, considering 
that hemoglobin is present after injection. In this respect the results 
obtained with bile-salts exhibit a marked divergence from those pro- 
duced by lymphagogues of the 1st class or by obstruction of the vena 
cava. The significance of this fact will be referred to later; the 
following experiments may be quoted now: 


Injection of sodium taurocholate. 


1. Lymph in 10 mins. 
Percentage of solide i in 4°49), present) 

2. Lymph in 10 mins. ... . 70.0, (Hb 
Solids in lymph... 

3. Lymph in 10 mins. ... ec. (Hb present) 


Coagulability of the lymph. Asher found that after injecting ox-bile 
the lymph clotted more readily, and I can fully confirm his statement 
as regards both the lymph and the blood. - : 

Relation between the bile and the lymph-flow. It has long been 
known that the intravenous injection of bile-salts leads to an increased 
flow of bile. When the bile and lymph are collected simultaneously it 
is found that the variations in the rate of flow are very similar in the 
two fluids. The injection of sodium taurocholate leads almost at once 
to an increased flow of bile, which reaches its maximum and falls again 
to its former rate earlier than does the lymph; but, apart from this 
difference in time, graphic records of the flow of bile and lymph exhibit 
much the same features (as is shown in Figs. 1, 2). 

Blood-prgssure changes. In its effects on the blood-pressure sodium 
taurocholate differs widely from both the classes of lymphagogues 
described by Heidenhain. Slow injections of bile-salt have no effect 
whatever on the pulse-rate or on the arterial blood-pressure, whereas, 
peptone always leads to a quicker heart-beat, although after slow and 
careful injection the arterial pressure may remain unaltered. 

It is true that rapid injections of bile-salt lead to a fall of blood- 
pressure and to slowing of the pulse. But these rapid injections 
were never employed when the lymph-flow was being observed. A 
comparison of the venous pressures in the two cases shows still 
_ greater differences between bile-salts and sugar or peptone. Even 
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comparatively large doses (2 grams) of sodium taurocholate have no 
influence on the vena cava pressure, and only cause a rise of pressure of 
15—20 mm. sodium sulphate solution in the portal vein; such a rise 


falls within the limits of a physiological change associated with the 
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_ Fig. 1. The continuous line represents the flow of bile, the dotted line represents 
the flow of lymph. : 
Periods of 10 minutes are represented on the abscissa, and cubic centimetres on 
the ordinate. 


_ pressure beyond this limit. Such a rise of pressure is not sufficient 


A=period in which 1-8 gr. sod. taurocholate was injected. 
secretion of bile. Moreover, rapid injections do not raise the portal 


to appreciably increase the flow of lymph; and since the vena cava 
pressure is unaltered the rise of capillary pressure in the liver must 
be small. On the other hand peptone, however slowly injected, raises 
the portal pressure 50—60 mm. Rapid injections of sodium sulphate 
solution have a still greater effect. These differences are brought out 
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Fig. 2. The upper dotted line represents the flow of lymph, the lower continuous 
one represents the flow of bile in c.c. per 10 minutes. ‘ 
A=injection of 1 gr. sod. taurocholate. |§B=injection of 0°6 gr. sod. taurocholate. 


by the following protocols (the lymph-flow was not observed in these 


cases). 
Exp. III. Cannule in splenic vein, iliac vein, and femoral artery. Sodium tauro- 
cholate injected into the jugular vein. 
Time pressure V. cava Portal pressure _ Remarks 
2.54—8.0 70mm.Hg 37mm.Na,SO, 52 mm. Na,S0, 
8.0—8.6 70 35 58 
3.6--8.12 70 85 66 40 c.c. of 4°, sod. tauro- 
3.12—38.18 66 34 67 cholate in normal saline 
8.18—3.24 64 84 72 injected into jug. vein. 
3.24—3°31 64 $4 67 
8.81—3.88 64 87 77 Resp. quicker, slightly rest- 
3.88—4.2 64 42 74 
4,2—4,9 64 40 73 
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Exp. IV. Dog of 8 kilos. Cannula in portal vein, and femoral artery: peptone in- 
_ jected into jugular vein. 


Time Arterial pressure V. portal pressure Remarks 

12.54 98mm.Hg 83mm.Na,S80, 3 

12.57 — 109 Injected 20c¢.c. of 10°/, 
1.1 9 149 peptone in normal sa- 
1.16 90 140 line. 
1.25 1 115 Injected 20 ¢.c. of 10°/, pep- 
1,28 70 815 tone in normal saline. 
1,32 35 180 


It seems clear, therefore, that sodium taurocholate is not a lympha- 
gogue of the peptone class. It differs from peptone not only in its 
effect on the various pressures, but also as regards the percentage of 
solids in the lymph produced in the two cases; further, the maximum 
outflow of lymph occurs during the first ten minutes in the case of 
peptone, in the third or fourth with sodium taurocholate. It has been 
stated by Asher and Barbéra™ that peptone leads to an abundant flow 
of bile: they made use of a permanent fistula. I am unable to confirm 
this observation; three experiments were made with a completely 
negative restilt in each case, as is shown by the following protocol : 


Exe. V. Injection of peptone. Cannul@ in thoracic duct and bile-duct. Dog kept 
in bath of warm normal saline. , 


Time Lymph Bile Remarks 
1.14—1.24 1°8 c.c. 0°5 c.c. ; 
1.24—1.34 8-2 Injected 35 c.c, of 3 °/, peptone 
1.34—1.44 3-2 08 in normal saline. 
1.44—1.54 8-5 0°5 
1.54—2.4 8°5 0°5 


Nor does sodium taurocholate belong to the second (sugar) class of 
lymphagogues, since the blood-pressure changes show that nothing of 
the nature of hydremic plethora occurs; and the very slow injection 
of nearly isotonic solutions must réduce osmotic changes to a minimum. 

On the other hand, sodium taurocholate does give rise to a physio- 
logical process, namely, the secretion of bile, that is to say, it causes an 
increased metabolism of the liver cells. Its behaviour in this respect 
sharply differentiates it from peptone and from most of the crystalloid 
lymphagogues, and furnishes a distinction of the greatest importance 
between bile-salts and these lymphagogues. It was pointed out by 
Schiff that bile-salts are normally absorbed from the intestine; 
they enter the blood stream, to be again taken up by the liver and 
secreted in bile, consequently, the intravenous injection of bile-salts 
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is nothing more than an exaggeration of a normal saehiaiaihs process. 
Sodium taurocholate, therefore, is the type of a ‘third’ class of lympha- 
gogue, which acts not by injuring the capillary wall, or raising the 
capillary pressure, but by stimulating the metabolism of the liver. 
But not only is activity of the liver invariably associated with the 
increased flow of lymph; it is, probably, as advocated by Asher, the 
actual cause of that lymph-flow. Asher, however, considers that 
changes in capillary pressure take no share in lymph formation. Such 


an extreme view is by no means necessary, since the results of 


Starling’s work on venous pressures and lymphagogues are perfectly 
compatible with the formation of lymph in consequence of tissue 
change. 

_ One possible explanation of the lymph-flow remains to be dealt 
with. The destruction of red corpuscles by the bile-salts sets free a 
certain amount of nucleo-proteid which is known to increase the flow of 
lymph. This can be to a very large extent avoided by careful injection 
of bile-salt into the splenic vein; the bile-salts do not reach the general 
circulation, and little or no hemoglobin appears in the lymph, though 
the lymph is still increased. The influence of nucleo-proteid in this 
respect is therefore so slight as to be negligeable. Any attempt to 
explain how the activity of the liver gives rise to an increased flow of 


lymph is beset with considerable difficulties. There can however be — 


no doubt that, in the course of the metabolism of the liver (as of other 
organs), metabolic products are set free, which have a comparatively 


small molecular weight, and are many of them of a crystalloid nature. 


_ These metabolites (waste products) leave the tissues, and finally reach 
the blood stream either for immediate excretion by the kidney, or for 
further metabolism elsewhere. I consider that the presence of bile- 
salts in the circulation stimulates the liver to an increased metabolism, 
whereby these metabolic products are formed more rapidly and in 
larger amount in the liver cells. Thence they pass most probably by 
diffusion into the surrounding lymph spaces, where they raise the 
osmotic pressure of the lymph. As a result, water passes by osmosis 
from the blood into the lymph, so that the former becomes more con- 
centrated, and the latter less concentrated than liver lymph usually is; 
at the same time the flow of lymph is increased. There are a certain 
number of facts which favour this explanation ; in the first place, the 
lymph produced is found to be more dilute than normal liver lymph, 
while the blood is rather more concentrated ; secondly, the lymph flow 
does not increase immediately after the injection begins, and does not 
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reach its maximum for 20—40 minutes; these facts are easily accounted 
for by supposing that time is required for the formation of metabolic 


products and their diffusion into the lymph. This explanation is also — 


suggested as a possible one by Asher and Biisch™ and Starling” 
had previously pointed out that “all the metabolic changes in the 


tissues would tend to increase the osmotic pressure of the lymph in 
which they are bathed.” It has also been shown that a similar — 


explanation will account for the lymph-flow from the submaxillary 
gland™, Assuming this explanation to hold good the process is 
analogous to the hydremic plethora excited by the injection of strong 
sugar solutions; in the case of the sugar, the lymph and blood take 


up fluid at the expense of the tissues; in the case of bile-salt, crys-— 


talloids are suddenly formed in the tissues, and attract water from the 
blood, so that the lymph is increased at the expense of the blood. 
On the other hand, it is quite possible that the bile-salt exerts a 
specific effect on the liver capillaries, causing them to secrete a larger 
quantity of lymph. Before such a view can be accepted it must be 
shown firstly that the process is selective, and secondly that a simple 


physical explanation is insufficient. As regards the former point, there —__ 


is no doubt that the bile-salts are picked out of the circulation by the 
liver, and that a selective process takes place. But it is by no means 
clear that such selection is carried out by the capillary endothelium, on 
the contrary, it is equally if not more probable that the liver cells 
take up the bile-salts, which have entered the lymph by filtration. 
Still, it must be admitted that such selection by the capillary endo- 
thelium cannot be excluded, although there is no direct evidence for 
it. On turning to the second criterion of secretion, however, it is 
found that a physical explanation can be offered, which does account 


for the observed facts, so that a process of secretion is not needed to 


explain the results obtained. And in the absence of any positive 
evidence in favour of secretion this argument has considerable weight 
against the secretory view. 


INJECTION OF HASMOGLOBIN, 


, It was shown by Tarchanoff” that the intravenous injection of 

pure hemoglobin led to an increased formation of bilirubin by the liver, 
and in some cases to an increased flow of bile; and this observation 
was confirmed by Stadelmann®. In Asher’s® experiments the 
hemoglobinemia was produced by injecting calf serum into dogs; 
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Asher also obtained a moderately increased flow of lymph which 
clotted very rapidly, and was more concentrated than before. It is well 
known however that transfusion of blood from one animal to another 


_ frequently leads to toxic symptoms, which do not occur if pure 


hsemoglobin is used. Consequently, hemoglobin has-the advantage of 

producing a considerable metabolic activity of the liver apart from 

poisonous symptoms, so that it is a convenient substance to employ i in 
investigating the effects of tissue activity on lymph-formation. 

_. Some hemoglobinemia usually occurs on injecting bile-salts, and in 
these experiments the. presence of hemoglobin had no marked effect 

on the arterial or venous pressures. For this reason no experiment as 


to the influence of pure hemoglobin on venous pressures seemed to be | 


necessary. The results obtained are very similar to those produced by 
bile-salts, though the lymph-flow is never so large. The slow injection 
_ of 1-8 grammes of hemoglobin dissolved in normal saline solution leads 
to an increased flow of lymph. This reaches its maximum in 20-30 
minutes, and lasts: from:one to two hours: The additional lymph 
comes entirely from the liver, and therefore it contains an increased 
percentage of solids. Hzmoglobin soon makes its appearance in the 
lymph, and sometimes, though not invariably, hemoglobinuria occurs ; 
in these cases, it is in the form of oxyheamoglobin. . When the bile and 
lymph are collected simultaneously the bile acquires a much darker 
colour, and contains more, pigment; although there is not much change 


in the. amount. of bile are illustrated the 


following’ protocol: 
of hmmogobin into femoral ven Lymph and bile collected 
simultaneously. 

09 “femoral vein’. 

No hsmoglobinuria. 


The arterial pressure is not affected by hemoglobin, nor is the 
pulse-rate. The coagulability of the blood and lymph is considerably 
increased, and the lymph is apt to clot while still in the cannula and 
to cause some trouble. One or two observations were made as to the 


1 The he#moglobin used was prepared by Drechsel’s method. 
PH. XXVIII. 14 


fe 
vi 
ag 
4 
\ 
* 
“sg 
“an 
a 
ag 


214 _F. A. BAINBRIDGE. 


effect of atropin; but it had absolutely no effect on the lymph-flow. 
There is no evidence that hemoglobin resembles peptone or the 
crystalloid lymphagogues in its mode of action; it does not produce 
hydremic plethora, nor does it cause any marked rise of venous 
pressure. Moreover when hemoglobin is injected into the blood no 
destruction of red corpuscles takes place, and therefore no nucleo-proteid 
is set free. Any possible lymphagogue action of nucleo-proteid can 
therefore be excluded. On the other hand, it does give rise to con- 
siderable metabolism of the liver cells, as shown by the transformation 
of hemoglobin into bilirubin. Probably, the formation of lymph in 
this case is analogous to that produced by bile-salts, that is to say, the 
increased activity of the liver is the cause of the increased flow of 
lymph, Further, it is probable that the lymph is formed by the passage 
of metabolites from the liver into the lymph spaces, and that the 
osmotic pressure of the lymph is thereby raised; consequently water 
passes by osmosis from the blood to the lymph. Here again, however, 
the possibility of a secretory action on the part of the capillary 
endothelium cannot be excluded. ; 

) 


THE INJECTION OF AMMONIA SALTS. 


These experiments were at first carried out in much the same way 
as those of Asher™, except that the arterial blood-pressure was 
always recorded, and that post-mortem examinations were made. Since 
Gryns ® has stated that ammonium salts in solution exert no osmotic 
pressure the salts were dissolved in normal saline solution. From 
30—50 c.c. of a 10°/, solution of ammonium tartrate were injected into 
the splenic vein at the rate of 1—2c.c. per minute. Such slow 
injections did not appreciably affect the blood-pressure, or the pulse- 
rate; frequently, however, the animals became slightly restless and 
breathed more rapidly, and several of them died suddenly and un- 
expectedly of heart failure shortly after an injection. 

As regards the lymph-flow, these experiments were at first entirely 


| negative, although great care was taken to avoid too deep anesthesia, 
since Asher stated that his negative results were due to excessive 


anesthesia and consequent inactivity of the liver cells. Five experi- 
ments were made, without obtaining any increased flow of lymph. 
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Exp. VII. Medium-sized dog. 
Blood-pressure measured in the femoral artery. 


. Lymph Remarks. 

11.80—11.50 19°38 6°4 c.c. 

11.50—12.20 193 - Injected 27c.c. of 10°/, ammonium 
12.20—12.40 9°3 4-6 _ tartrate into splenic vein. 
12.40—1.0 10°6 Injected 25 c.c. amm. tartrate, 


The post-mortem examinations showed that the heart was dilated 
and sometimes ante-mortem clots were present in it, or in small 
branches of the portal vein; the lymph and blood also coagulated wen 
extreme rapidity. 

On further experiment it was found that by the injection of larger 
doses of the tartrate, or the more rapid injection of small quantities, 
the blood clotted still more readily, and considerable intravascular 
clotting occurred during life. Under these circumstances there was 
usually clotting in the portal vein or vena cava and the lymph flow 
from the thoracic duct was increased. The general result of the whole 
series of experiments was to show that when intravascular clotting 
occurred in the vena cava or portal vein, the lymph flow was increased, _ 
when it did not occur, the lymph was unaffected. This may be the 
explanation of Asher’s results, and would account for the frequent 
occurrence of negative results; his own explanation did not hold good 
in my experiments. 

The following protocol is an example of a positive experiment : 


Exp. VIII. Large dog. Cannule in thoracic duct and splenic vein (after removal 
of the spleen). 


11.45—12.5 | 9°1 c.c. 4°5 c.c. 
12.5—12.15 - 4°65 4°5 Rapid injection of 10 c.e. of 10 
12.28--12388 46 46 ammon. tartrate. 
12.88—12.58 11°4 57 10 ¢.c. injected. 
12,58—1. 18 13°0 6°5 — 80¢.c. of 10°/, ammon. 


Post mortem, there was good deal of cot in the portal wen, sod some in inferior 
vena cava above the liver, but no complete obstruction, | 
The right ventricle was dilated, and contained a small clot. 


The relation between intravascular clotting and the lymph-flow is 
further iste coi out by the accompanying a of the experiments. 
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Lymph-fiow in ¢.c. per 10 mins, 
Béfore injection After injection Condition of blood vessels 
I, 16 ¢.¢. No clotting. 
Il. 4:5 65 Much clotting in portal vein and 
vena cava. 

III, 2°9 2°8 Some clot in portal vein only. 
IV. 6-4 56 No clotting. 


Solutions of ammonium carbonate (5°/, in normal saline) injected 
slowly into the splenic vein never led to intravascular clotting. Asa 
tule the blood-pressure was not much altered, though it had a tendency 
to fall slightly, and once or twice fell a good deal; the pulse became 
slower, and respiration slow and deep. More rapid injections led to a 
greater fall of blood-pressure, but there was not the liability to sudden 
heart failure observed in the case of the tartrate. Muscular twitching 
occurred in some cases, more especially when the salt was injected into 
the femoral vein, when it persisted throughout the experiment. _ 

In three experiments the flow of lymph was increased, in three 
others it remained unaltered. The greatest flow of lymph occurred 
when the salt was injected into the femoral vein, when the convulsive 
movements were also most severe; in another case of increased lymph- 
flow the animal was very restless; and only in the third case of 
increased lymph-flow, did the dog remain quiet throughout the ex- 
periment. When the lymph-flow remained unaltered, there was no 
restlessness or muscular twitching. Generally, therefore, when the 
animal was quiet the lymph did not alter, when restlessness occurred - 
the flow of lymph increased. | ie 

The total solids in the lymph were examined in one case of increased 
lymph-flow, but were not altered. 

The coagulability of the blood and lymph was not greater after the 
injection than before. 


T quote here a positive and a negative experiment. 


Exp. IX. Large dog. Cannula in splenic vein (after removal of spleen). 


ping inec.c. Arterial V. cava 
per 15 mins. pressure Time pressure Remarks 
122'5mm.Hg 11,55 38 mm.Na,S0, 
11.50—12.20 3°9 122°5 12.2 50 11.55—12.9 Inj. 82c.c. of 
12.23 48 5 °/, amm. carb. 
12.20—12.50 70 122°5 12.40 46 12.19—12.57 Inj. 
12.50—1.5 5.6 122°5 12°57 54 


of 5°/, amm, carb. 
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Exp. X. Medium sized dog. Cannula in splenic vein (after removal of spleen). 


in 

Time Lymph-flow per 10 mins. Remarks 

2.30—3.10 10°2 c.c. 2°5 c.c. 3.16—3.51 Inj. 42 ¢.c. of 5°/, amm. 

3.16—8.58 84 20 carb. in saline into splenic vein. 

8.58—4,18 $1 4.1—4.12 Inj. 6 ¢.c. amm. carb. 

4,18—4.26 2-1 2°6 4.15 rapidly 10 c.c. of amm. 
carb. 


The dog was quiet, and no twitching occurred throughout the experiment. 


Ammonium chloride (2°/,) was injected in one experiment. Slow 
injection produced a rather larger flow of lymph, lasting half-an-hour : 
it also caused very rapid, shallow respirations and some degree of 
restlessness, and slight slowing of the pulse, but no fall of blood- 
pressure. A more rapid injection yielded a considerable increase in 
the lymph-flow with still more severe respiratory changes; the blood- 
pressure fell a little for a short time, soon regaining its former level, 
while the pulse became slower than before. : 


Exp. XI. Ammonium chloride injected into the splenic vein. 


Time Remarks 
12.27—12.37 1'8 c.c. 
12.87—12.57 1°9 12,88—1.1 Inj. 46 c.c. of 
12,57—1.27 2°9 amm. chlor, in norm. saline. 
1,27—1.87 2 4°6 1.28—1.30 Rapid inj. of 40c.c. 
1.37—1.47 6°2 Of 2° ammon, chloride in 
normal saline. 


It has long been known that ammonium salts are very poisonous, 
and it is very obvious that all the three salts employed for injection 
led to the appearance of toxic symptoms. These were evidenced by 
intravascular clotting and a liability to sudden heart failure in the case 
of the tartrate, by muscular twitchings, a fall of blood-pressure, and 
slowing of the pulse with the carbonate, and by extreme dyspnea in 
the case of the chloride. It was found moreover that the increased 
lymph-flow was most marked in those cases where the toxic symptoms 
were especially severe, and that the absence of such symptoms coincided _ 
(with one exception) with an unaltered lymph-flow. The unfavourable 
experimental conditions under which the lymph-flow was increased 
render great caution necessary in accounting for that flow, and make 
it difficult to accept the view that the increased lymph-flow is solely 
due to activity of the liver in converting ammonium salts into urea. 
A further difficulty is presented by the inconstancy of the increase in 
the lymph. Moreover, Feder® has shown that in fasting dogs 
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ammonium chloride is not converted into urea by the liver, but appears 
as an ammonium salt in the urine; yet it led to an increased flow of 
lymph in the only experiment tried, On the other hand, the increased 
lymph-flow can be readily accounted for by increased pressure in the 


_ portal and intestinal capillaries in cases where intravenous clotting 


occurred, or by exaggerated respiratory and muscular movements in 
the other experiments. 

It may be concluded, therefore, firstly, that the exsiciugeaial con- 
ditions are so unsatisfactory, and toxic symptoms often so prominent, 
as to minimise the value and obscure the interpretation of any results 
obtained; secondly, that the increased lymph-flow—when it occurs— 
can be quite well accounted for on physical grounds, and that it is 
unnecessary to invoke “increased liver activity.” No doubt the liver 
does convert some of the ammonium carbonate into urea, and thus © 
exhibits increased activity; but whether or no this metabolism is the 
cause of the increased lymph-flow cannot be proved under the experi- 
mental conditions. 

As regards the effects of ammonium salts on the circulation and 
respiration, my experiments for the most part confirm those of Béhm © 
and Lange ™. They found that ammonium chloride was the most 
poisonous salt of ammonium: and that a rapid injection of the chloride 
or carbonate led to a slight fall of blood-pressure followed by a rise 
lasting only a few minutes, and that large doses produced a fall of 
blood-pressure and heart failure; in all cases the pulse rate was 
quickened. I obtained the same results, except that in my experiments 
the heart beat more strongly and less frequently. 

Béhm and Lange, using cats, obtained rather prolonged dyspnawa 
on injecting either the chloride or carbonate; on the other hand, I 
found that the chloride produced dyspnea, but that the carbonate 
and tartrate caused much slower, deeper respirations, Possibly the 
differences depend on the -_ that my experiments were — made 


on dogs. 


CoNCLUSIONS. 

1. The intravenous injection of moderate quantities of sodium 

taurocholate or of pure hemoglobin leads both to an increased flow 

of lymph from the liver and to increased metabolic activity of the 
liver cells. 

2. These substances do not resemble either the first or the second 

class of lymphagogues (of Heidenhain) in their mode of action, nor 
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do they alter the blood-pressure or the permeability of the capillaries 
to any extent; they constitute a third class of lymphagogues, and = | 
lymph is ieemed as a result of metabolism in the liver. 

These two conclusions confirm the view held by Asher that in- 
creased tissue activity causes an increased lymph formation; but 
whereas Asher regards tissue activity as the sole cause, my experi- 
ments show that it is only one of the causes of lymph formation. 
Further Asher regards peptone as a cholagogue, and considers that 
peptone, bile, and hemoglobin have a similar mode of action ; I 
am unable to confirm either of these conclusions, — 

3. The increased activity of the liver probably leads to a rae 
formation of crystalloid metabolic products in the liver cells; these 
metabolites enter the surrounding lymph spaces—probably by diffu- 
sion—and raise the osmotic pressure of the lymph; in consequence 
water passes by osmosis from the blood into the lymph, and the lympb- 
flow is increased. 

4. The injection of ammonium salts sometimes causes an increased 
flow of lymph, but owing to the inconstancy of the results, and the 
unfavourable experimental conditions, no definite conclusions can be 
drawn as to the cause of this lymph-flow. 

In conclusion I wish to express my thanks to Professor Starling, 
to whom I am indebted for frequent advice = suggestions throughout 
the course of the experiments. 


The expenses of this research have been defrayed by grants from 
the Grants Committee of the Royal Society, and by the British 
Medical Association. 
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of the excitation, there is a consider- 


some time. Such a curve would 


ON THE LOCAL REACTIONS OF THE ARTERIAL 
WALL TO CHANGES OF INTERNAL PRESSURE. 
‘By W. M. BAYLISS. (Eleven Figures in Text.) ‘i 


(From the Physiological Laboratory, University College, London.) 


My attention was first directed to these Enna by the occurrence 
of curves like that reproduced in Fig, 1’. 

_ In the course of experiments on vaso-dilator ioliaten I sometimes 
observed what looked like a reflex of this kind, in a limb of which the 
nerves had been divided; the figure 

reproduced shows the effect of a fall 

of arterial pressure produced by ex- 

citing the central end of the depressor 

nerve on the volume of the hind leg 

of the rabbit, the sciatic and the 

nerves accompanying the femoral 

artery having been cut. It will be 

noticed that as long as the fall of 
blood-pressure lasts there is a passive 

diminution of volume in the limb, but _ 
that as soon as the previous height of 
blood-pressure is attained, on cessation 


able expansion of the limb lasting for 


usually be explained by stating that Fig. 1. Effect of depressor excitation on 
there was present all through: the volume of enervated leg. Upper curve 


blood- t below it vol of 
excitation a relaxation of the vessels, period 
but that it was prevented from show- _ of excitation of depressor nerve, lower 


ing itself in an actual expansion of  ¢—time in 10 sec. intervals. 
the limb by the simultaneous fall of blood-pressure; although it was 


1 A preliminary account was published in the oe of the Physiological Soe, for 
March 16th, 1901. (This Journal, xxv, p. xxix.) 
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able to produce such an expansion when the blood-pressure rose again 
— to the vascular dilatation in other parts, chiefly splanchnic 

area, lasting a shorter time than in the limb. Such an explanation, 
obviously, will not hold here, since the leg nerves were cut, -_ it ‘is 
plain that some other explanation must be found. 

. Bearing in mind the well-known reaction of muscle in general to 
strsbebiias instances of which are, amongst others, the increased force of 
the: heart-beat produced by increased intraventricular pressure, the 
effect of tension on the snail’s heart’, and the contraction of the body 
walls of the earthworm in response to a pull’, itis natural to suppose 


that the muscular coat of arteries reacts in a similar way to increased 


intravascular pressure; and if so, being in a state of increased tone in 
response to the normal blood-pressure, a lowering of that pressure will 
be followed by an opposite reaction, viz. a relaxation. 

This is, no doubt, the explanation of the curve reproduced in Fig. 1. 
During the fall of blood-pressure the arteries were, in all probability, 
relaxed in response to that fall, but not to a sufficient extent to produce 
an actual increase of volume of the limb. This relaxation shows itself 
at once, however, when the blood-pressure returns to its original level 


and lasts until the muscular wall of the arteries has responded to the 
rise of pressure by returning to its original state of tone. | 


REACTION TO INCREASE OF TENSION, 


Since this reaction is the more familiar one in other muscular 
tissues, I will first describe some experiments made to detect it. in 
arterial muscle. So far as I am aware, indeed, the opposite form of 
reaction, viz. relaxation to diminished tension, has not, hitherto, been 
described. It must obviously occur, however, in a muscle in a state of 
tone, if that tone is present in response to a condition of tension, when | 
the exciting cause of the tone, viz. the tension, is diminished. 

To produce a rise of arterial pressure in these experiments, in order 
to provoke the response, one can either excite the peripheral ends of 
the splanchnic nerves, or produce a reflex rise by exciting the central 
end of a pressor sensory nerve, or by producing asphyxia in a curarized 


_ animal. In the two latter cases, naturally, the vaso-motor nerves of the | 


organ must be cut, as also in the case of splanchnic excitation, when a 
viscus supplied by that nerve is under observation. As regards the — 


I Biedermann. Sitzungsber. Wiener Akad, 1884, p. 24. | 
2 Straub. Pfliiger's Archiv, uxxrx. p. 387. 1900. 
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limbs I have not noticed that there is any difference in the reaction 
whether the nerves are cut or not. The reaction is, therefore, of 
peripheral origin, and, as I believe, myogenic in nature ; but this point 
will be discussed later. 

The animals used, dogs, cats, and rabbits, were anesthetized with 
morphia (30. to 130 mgrms. subcutancously) and kept ‘under A.C.E. 
In most cases curare was also given. 

The curves. of Fig. 2 show the effect of exciting the peripheral end 


Fig. 2. Effect of splanchnic excitation on enervated limb of dog. Upper curve—volume 
of limb. Lower curve—blood-pressure, zero being 45 mm. below excitation marker, 
Time in 10”, 


of the cut sneha nerve on the volume of the enervated hind-leg of 
the dog. As the arterial pressure rises the limb is distended passively, 
but instead of merely returning to its original volume when the blood- 
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pressure has come down again, it constricts much below its oe 
level and only gradually returns’. 
Fig. 3 shows a similar effect in the cat. , 


Fig. 3, Effect of splanchnic excitation on the enervated hind-leg of cat. es 7 
_ Fig. 2 applies also to this. 


In asphyxia one occasionally meets with curves like Fig. 4. In this 
case the leg nerves were cut, and at the point A the artificial respiration 
was stopped. At first the leg is passively distended, but, while the 
blood-pressure is still at its. height, the limb begins to diminish in 
volume, attaining its original size while the blood-pressure is consider- 
ably above its previous height. Of course the effect in this case is 
possibly complicated by the admixture of the direct action of asphyxial 
blood on the vessels, but there is reason to believe that the latter is 
rather of the nature of a dilatation than constriction; although the point 
is still uncertain. 

In the case of the kidney vessels this reaction to increased tension 
is very marked, as shown in Fig. 5. All the nerves in the hilus that 
could be found were torn through, the vessels and ureter thoroughly 


1 "The large waves at the bottom of the limb-curve in the figure are accidental, due to 


at this point. 
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painted with concentrated phenol, which I have found a very useful 
means of destroying the conductivity of nerve-fibres. The vessels and 


“Fig. 4. Fig. 5. 
Fig. 4. Effect of asphyzxial rise of blood-pressure on volume of enervated leg. Same 
explanation as previous figures, Blood-pressure zero—13 mm. below time tracing. _ 
At A artificial respiration stopped, the animal being under curare. =o 
_ Fig. 5. Effect of splanchnic excitation on volume of kidney of dog. Upper curve—volume 
of kidney. Lower curve—blood-pressure, Excitation and time markers as previous 
figures. Blood-pressure zero—55 mm. amor excitation marker. 


ureter, moreover, were tightly pinched with forceps, at the risk of 
causing the blood to‘ clot, which fortunately, however, cid not take 
place until the experiment had been performed. The kidney was 
enclosed in a Roy’s oncometer, filled with warm physiological saline 
instead of oil, the fluid only reaching to the beginning of the tube 
leading to the piston-recorder, which contained air. The splanchnic 
nerve of the same side was exposed in the abdominal cavity and on 
Ludwig electrodes. The rise of blood-pressure produced by exciting 
the nerve is seen to cause at first a slight passive distension of the 
kidney, but even when the pressure is still rising the kidney begins to 
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react by constriction which carries the piston of the recorder down 
to the limit of its excursion. The drum was stopped for a short time to — 
allow the lever to return to its original position. The only source of 
fallacy that I can see in these experiments is the possible escape of 
current from the electrodes on the splanch- 
nic nerve to the kidney vessels directly. In 
order to exclude this I made another ex- 
periment in which the lower end of the 
divided spinal cord was excited, the cord 
was cut at the level of the 4th thoracic 
nerve, and the lower end excited in the 
spinal canal (Fig. 6). : 

The kidney nerves had been cut, paint- 
ed with phenol and tightly pinched with 
forceps. The reaction is not so striking as 
in Fig. 5, but there is an obvious constric- 
tion of the organ, while the blood-pressure 
was at its height. The circulation through 
_ the kidney was not so good in this case as yi, § Rect of exciting spinal 
in that of the previous figure, since the cord on volume of enervated 
vessels had been pinched a longer time  idney. Explanation as pre- 
before the experiment was made, and had 
probably become partially obstructed with 
clot. 


‘REACTION TO DIMINISHED TENSION. 


We may now consider the opposite form of reaction, viz. the re- 
laxation produced by diminution of blood-pressure. 

Fig. 7 is an example of the effect produced on the volume of the 
hind-limb by aortic obstruction. The cannula recording the arterial 
pressure was in the femoral artery of the opposite side, so that its 
excursions record the actual pressure in the artery of the limb under 
observation. This dog had been used for experiments on vascular 
reflexes, so that the sciatic and anterior crural nerves were not cut, but 
it was cut off from the vaso-motor centre by extirpation of the abdominal 
sympathetics on both sides and by section of the cord at the 2nd lumbar 
vertebra, There is seen to be a large dilatation of the limb, following 
the rapid diminution of volume, produced by compression of the ab- 
dominal aorta by means of a thread on a ligature-staff.. There is also 
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seen here a constriction following the dilatation. This is still better 
shown in ‘Fig.’8, and is no doubt to be explained by the sudden inrush 
of blood at high pressure into the relaxed arterioles causing a con- 


Fig. 7. Fig. 8. 
Fig. 7. Effect of compression of the abdominal al the hind-limb, Ex- 
_ planation of curves as before, Blood-pressure zero at level of excitation marker. 
Two compressions, the second not marked by the signal. 
Fig. 8. A similar curve to Fig. 7. Blood-pressure cannula in this case in carotid. 
Leg nerves cut. At x, obstraction of abdominal aorta. Blood-pressure zero—48 mm. 
below excitation marker. 


strictor reaction, of shi kind described in the ents of this paper, 
so that there is, so to speak, a kind of reverberation. This second 
reaction is also well shown in Fig. 9, an example from the cat. 
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Fig. 9.. Four cases of compression of aorta producing double reaction in the enervated 
hind-limb of the cat, Blood-pressure zero—45 mm. below excitation marker. — 


Fig. 10. Effect of compression of iliac artery on volume of limb with pinves oe 
Explanation as previous figures. Artery clipped twice at x. Blood-pressure zero— 
50 mm. below excitation marker. 
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_As-remarked previously the reaction in question is not prevented 
by connection with the central nervous system, as shown by Fig. 10, 
which is an instance from the hind-limb of the dog with nerves intact, 
the external iliac artery being clipped and then released. 

An interesting form of the reaction is presented by Fig. 11 in the 


case of the intestine of the rabbit. The spinal cord was cut at the 4th 


thoracic vertebra, and the fall of blood-pressure produced by excitation of 
the peripheral end of the vagus; the lower part of the small intestine 
(ileum and part of jejunum) was placed in an Edmunds’ oncometer. — 
The “reverberation” mentioned above is shown in a marked degree, so. 
that four or five changes of tone are recorded before the lever finally 
comes to rest. 

As a rule the reaction is not shown in a convincing manner by 
excitation of the peripheral end of the vagus, since the fall of blood- 
pressure so produced is usually followed by a rise, due partly to | 
increased action of the heart, partly to slight asphyxial excitation of the 
vaso-motor centre, and this rise may be thought to be the cause of the 
expansion of the organ. In Fig. 11, however, it will be noticed that 


Fig. 11. Effect of excitation of peripheral end of the vagus on the volume of the intestine. 
Upper curve—volume of intestine. Lower curve—blood-pressure. Excitation and 
time-markers as previous figures. Blood-pressure zero, at level of excitation marker. 


the rise of blood-pressure does not occur in the second excitation of the 
vagus, although the dilator reaction of the intestinal vessels is very 
marked. | 
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It is necessary to meet a possible objection. It may be thought 
that the relaxation described is due to an#mia causing asphyxia of the 
arterial wall. That this is not so is shown by the fact that J have 
repeatedly seen it in a curarized animal, in which, owing to excessive 
artificial respiration, there was no rise of blood-pressure on stopping the 
pump until more than a minute had elapsed. The tissues were there- 
fore copiously supplied with oxygen, and the obstruction of the artery 
produced the reaction if lasting only for a couple of seconds. In the 
case of the limb, moreover, it must be remembered that the muscle 
metabolism in a curarized animal is very small, and that a prolonged 
anemia would be necessary to cause an appreciable degree of asphyxia. 
This objection is also answered by the experiments on excised arteries 
to be described below. 


THE REACTIONS IN EXCISED ARTERIES. 


It has been already pointed out above that these reactions are 
independent of the central nervous system, and are therefore of 
peripheral origin. Since’ no ganglia have been found in connection 
with the blood vessels it follows that the effects in question are of 
myogenic nature, as indeed one would expect from the known pro- 
perties of smooth muscle. But, in view of MacWilliam’s’ researches 
on excised arteries, it seemed worth while to attempt to obtain re- 
actions on them. Owing to the pressure of other work I have not been 
able to make many experiments of this kind. I have, however, obtained 
reactions, and in one case the effect was so marked as to be visible 
without the aid of any instrumental magnification. This case was that 
of a carotid artery removed from the body of a dog three hours after 
death by asphyxia, so that, if there were any ganglion-cells attached. to 
the artery, they were presumably quite out of action. A cannula was 
inserted in one end of the artery, and the other end tied; the artery and 
cannula . were ‘filled. with defibrinated blood and connected. by india- 
rubber tubing to a mercury reservoir which could be raised and lowered. 
When now the pressure was raised inside the artery it was seen at first 
to swell, but immediately, and while the mercury was still kept at its 
height, a powerful contraction took place, in which the artery appeared 
to writhe like a worm, If the pressure was suddenly lowered again 
the artery did not return merely to the state corresponding to the 
lesser pressure, but underwent a considerable relaxation, which passed 
off just as in the vessels of the body as a whole. This reaction to 


1 Proe. Roy. Soc. 1902. 
PH. XXVIII. 15 
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lowered pressure was better seen when the artery was inclosed in a 


small air oncometer, consisting of a wide glass tube connected with 
a piston recorder, by means of which an enlarged curve of the © 
changes of volume could be obtained. I regret that the tracing was 
spoilt in varnishing, so that I am unable to reproduce it here. 

The fact of the occurrence of the reaction in an excised and 
asphyxiated artery is of importance for three reasons :— ; 

1. It disposes of the objection that the phenomena in question are 
due to any other cause than the change of tension. 

2. It affords a proof of their myogenic nature. 

8. In the particular experiment described above it shows that the 
contraction in response to increased pressure may show itself while the 
pressure continues, so that the form of curve given by the kidney, 
which I for some time looked upon with distrust, is quite a possible 
one, even in the complete absence of any excitation of vaso-constrictor 
nerve-fibres. 


THE MEANING OF THE REACTIONS, 


It remains to indicate briefly how the behaviour of the blood vessels 
described in the preceding article may be of service in the normal 


organism. 
The peripheral powers of reaction sonanial by the arteries is of 


such a nature as to provide as far as possible for the maintenance of a 


constant flow of blood through the tissues supplied by them, whatever 
may be the height of the general blood-pressure, except in so far as they 
are directly overruled by impulses from the central nervous system. 

As examples let us take first the case in which, say for cardiac 
reasons, a considerable general fall of blood-pressure is required. This, 
as we know, is produced by universal vascular dilatation (except in the 
brain); but, owing to the preponderance of the splanchnic area, the 
limbs, the relaxation of whose vessels is usually insufficient to produce 
an actual increase of their sectional area under the low arterial pressure ~ 
prevailing, would be deprived of their due supply of blood when 
perhaps it might be particularly needed, were it not that their arterioles 
automatically relax to a still greater degree, and so make sv! for the 
lowered pressure by an increase of sectional area. 

Take again the case in which as great as possible a rise, or fall, of 
arterial pressure is required ; if the limb-vessels allowed themselves to 
be passively distended, or drained, as the case may be, the result would 
be to partially annul the effect of constriction, or dilatation, in the 
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splanchnic area, but, since they react in the way described, they assist 
in the production of the desired end. 

An especially interesting case is that of the cerebral circulation. 
There is, up to the present, no satisfactory evidence of the presence of a . 
vaso-motor supply to the brain ; so that when an increased blood-supply 
is required in that organ it is provided by constriction of vessels 
throughout the rest of the body, which is, in this respect, so to speak’ 
the slave of the brain‘. Now Hill has shown’* that the tendency of. 
increased arterial distension in the brain is to produce cerebral anzemia, 
owing to the skull being a rigid box, so that, although the arteries may 
increase in size, it is at the expense of the capillaries and veins; this 
swelling of the arteries is prevented by the automatic reaction of their 
muscular coat, as described above, so that they do not.allow themselves 
to be distended, but become more or less rigid, and so permit the 
increased velocity of flow, due to increased pressure, to produce its 
desired effect in providing a more abundant blood-supply to the active 
cerebral tissue, 

On the other hand it is evident that the effects of a rise of general 
blood-pressure of a moderate degree, produced, say, by constriction of the 


_ splanchnic area, would be to cause automatic contraction of the arteries 


of all other parts of the body, and thus raise still further the general © 
blood-pressure, unless dilator impulses were sent to the vessels from the 
central nervous system. Thus, without the controlling government of 
the latter, every rise of pressure would automatically cause a further 


_ rise, and every fall, from whatever cause, a further fall of blood-pressure 


from peripheral vascular dilatation ; ¢.¢. a vicious circle would be estab- 


lished in the absence of the regulating functions of the vaso-motor 
centres. 


SUMMARY. 


1. The muscular coat of the arteries reacts, like smooth muscle in 
other situations, to a stretching force by contraction. | 

2. It also reacts to a diminution of tension by relaxation, shown, of 
course, only when in a state of tone. 2 

3. These reactions are independent of the central nervous system, 
and are of myogenic nature. 

4. They are to be obtained both in the case of vessels in their 
normal condition in the body, and in excised arteries some hours after 


death. 


1 Bayliss and Hill. This Journal, xvm. p. 358, 1895. 
* The Central Circulation, London, 1896, p. 135. 
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A METHOD OF ESTIMATING THE OXYGEN AND 
CARBONIC ACID IN SMALL QUANTITIES OF 
BLOOD. By JOSEPH BARCROFT, M.A, BSc. Fellow 
of King’s College, Cambridge, anp J. S. HALDANE, 
M.D., F.RS., Fellow of New College, Oxford. (Three Figures 
in Text.) 


(From the Physiological Laboratories of Onford and 


IN the investigation of the blood-gases in small animals, or in individual 
organs such as the salivary glands, it is desirable to have a method which 
will permit of obtaining results with very small amounts of blood. The 
method now described was designed with the special object of fulfilling 
this requirement, but it may also be conveniently made use of even 
where large samples are available, or when it is desired to make a 


apparatus needed is considerably simpler and the time required much 
shorter than with the ordinary method of extracting the oxygen and 
carbonic acid by a vacuum pump and subsequently analysing them. 

The apparatus consists of a small glass vessel attached by tubing to 
@ pressure-gauge of narrow bore. The vessel is so arranged that the 
oxygen in the sample of blood can be liberated within it by ferricyanide 
and the resulting increase of pressure measured by means of the gauge. 
From the increase of pressure the volume of the oxygen can be calculated. 
By similar manipulation with the use of tartaric acid in the place of 
ferricyanide the carbonic acid is subsequently determined. 

The whole apparatus is shown in Fig.1. Two gauges, one connected 
with the blood-gas vessel, and the other with a precisely similar control 
vessel, are fixed on a wooden stand, the front of which is painted white 
to form a convenient background for reading the graduations on the 
tubes. Each gauge is graduated on both limbs in millimetres etched 
on the glass, the length graduated being about 350mm. The limbs of 
each gauge are connected below by a piece of india-rubber tubing of 
about 1:25cm. bore, which can be compressed by a screw clamp (83cm, 
broad), so as to adjust the levels. The gauges are filled with water 
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which may be tinged with a suitable dye. The bore of the gauges is 
2 to 25 mm. and must be even, though it need not be the same in - 
different limbs, The evenness can be ascertained by means of a column 
of mercury in the usual way. One limb of each gauge is provided with 


Fig. 2. 


a 3-way tap close to the top. The gauges should be thoroughly cleaned 
before being filled, otherwise the readings will be unreliable, as shown 
by the fact that the water does not ascend or descend to equal distances 
on the two sides on compressing or —— the rubber tube with the 
_, taps open. 

The blood-gas vessel and control vessel are of the form shown in 
Fig. 2. They each have a capacity of about 25c.c. The stopper is | 
perforated by a: glass tube of narrow bore; which passes below into an 
open pocket capable of holding about ‘3 c.c. of liquid. The pocket is so 
arranged that any liquid in it can easily be emptied by tilting the 
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vessel. To this end the orifice above the pocket et be at least 
18 cm. in height and as broad as possible. 

Before the sample of blood is collected, l‘5cc. of the alkaline 
solution (2c.c. of strong ammonia, ‘88 sp. gr., to 1000 c.c. of distilled 
water) used in carrying out the ferricyanide’ method is measured with 
a pipette into the blood-gas vessel, and ‘25 c.c. of saturated potassium 
ferricyanide solution is placed in the glass pocket of the stopper, which 
has previously been greased with resin ointment or some other adhesive 
lubricant. 

Blood entirely deprived of its power of clotting may be collected in 
a pipette which delivers 1 c.c. between two marks. The pipette should 
be a tube of uniform bore, graduated in hundredths of acc. A cubic 
centimetre of fluid should form a column 15—20 cm. in height. 

In such a tube there is no perceptible gaseous exchange except at 
the very surface of the column. It has already been shown that saliva 
and blood collected in such tubes do not lose CO,*, nor does a change 
of colour take place away from the meniscus. As the exposed portion 
of blood is never delivered from the pipette no error is introduced from 
aeration. | 

For the collection of coagulable blood a hypodermic syringe with 
special adjustments is used. This instrument is shown in Fig. 3: 
The syringe, which is entirely made of glass*, should have a capacity 
of 12 to lScc. It contains a flat glass bead, pierced with a large 


ams BRASS 
GLASS 


hole. The syringe is screwed into a brass case, which is so made that 
the distance from the shoulder of the nozzle to the end of the plunger 
when pulled out as far as possible is a constant quantity. The syringe 


1 This Journal, xxv. p. 205. 1900. 
? This Journal, xxvu. p. 37. 1901. 
_ §% We have used an “All-glass” syringe of Burroughs and Wellcome. 
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has three fixed points, which will me referred to as positions I, II. 
and III: 

Position I. when the plunger is pressed against the bead, 

Position II. when the stl is touching the back of the brass 
case, and 

Position III. when the screw at the back of the case is screwed home 
and the plunger is touching the tip of the screw. 

The collection of blood is carried out as follows: | 

(1) A 1°, solution of potassium oxalate is sucked into the syringe 
and all the air-bubbles expelled. Oxalate is then expelled till the 
plunger is in position I. The syringe now contains a known quantity 
of oxalate. 

(2) Blood is sucked in till the plunger is in position II. The blood 
and the oxalate are mixed by means of the bead. (The blood in the 
nozzle, which is quite trivial in amount, less than ‘02 c.c., does not mix 
with the oxalate.) A mixture containing blood and oxalate in known 
proportions has now been obtained. 

(3) The screw is screwed up till the plunger is in position III. 
The blood in the nozzle has now been expelled ane a little of the 
mixture has been expelled. 

(4) The mixture is expelled into the bottle, the plunger returning 
to position I. A known volume of a mixture of blood and oxalate of 
known composition, and hence a known volume of blood, has been put 
into the bottle, | 

The volume of blood delivered by the syringe is ascertained by 
(1) Whenempty. . 

(2) With nozzle just filled with water. 
(3) Filled with water in position I. 

(5) ” ” ” Il. 

The mixture is discharged cautiously into the bottom of the boadkeve 
vessel, care being taken that the blood lies under the ammonia solution. 
The blood-gas vessel is then closed and placed in the water beside the 
control vessel as shown in Fig. 1, care being taken not to mix the blood © 
with the ammonia solution or spill the ferricyanide. The water is stirred 
two or three times by blowing air through it by means of a tube shown 
in Fig. 1, and the gauge is watched till the temperature of the two 
vessels is found to be exactly the same. In making these and other 
observations it is necessary first to squeeze the rubber tubing connecting 
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the limbs of the gauges, so as to insure that the glass above each 
meniscus should be wet. The two gauges are now adjusted by 
opening the three-way taps, so that they are both level and stand 
at. zero. The blood-gas bottle is taken out and the blood and 
ammonia solution mixed without spilling any ferricyanide. When this 
solution is completely transparent the vessel is tilted so as to empty out 
the ferricyanide, and then shaken for a few minutes to liberate all the 
oxygen. During these manipulations it should be held either in a cloth 
or by the lead stand, to avoid warming the glass. It is now replaced in 
the water, which is stirred. When the temperature of the two vessels 
has again come even the gauges are adjusted so that the levels in the 
limbs connected with the bottles are at zero. The heights on the other — 
limbs are read off; and if, as is usual, the temperature has risen since 
the original reading, so that the level is now higher in the open limb of 
the control tube gauge, the reading of this gauge is deducted from the 
reading of the other gauge. 

A further correction is also necessary. If a blank experiment be 
made in which no ferricyanide is added, but all the other manipulations 
are gone through it will be found that a slight negative reading 
amounting to about 3°5 mm. is obtained. This is apparently due to 
_ the tension of ammonia vapour being less after the blood and ammonia 
solutions are mixed or to absorption of the minute amount of carbonic 
acid in the air within the bottle. Hence a constant determined for 

the ammonia solution used must be added to the reading. 
The temperature of the vessel of water is now read off. As the 
specific gravity of mercury at 0° is 13°59 and of water at 15° ‘999 it 
is evident that the normal barometric pressure equals that of a column 
of water 760 x aap = 10340 mm. high. 

Hence the volume at 760 mm. pressure of oxygen given off equals 
the volume of air in the blood-gas tube and its connections multiplied 
by the corrected reading of the gauge in millimetres and divided by 
10340. Thus if the total capacity of the blood-gas vessel and its 
connections to the zero of the gauge = 23°35 c.c. and that of the fluids 
which have been put in is 2°75c.c. the volume of air will be 20°6c.c. 
If now, the reading of the gauge = 1000 mm. the oxygen given off will 


be 206 x A0.cc.='201c.c. If the temperature were 14° this would 


correspond to ‘191c.c. of oxygen at 0°. If this came off 1 c.c. of blood 
the combined oxygen of the blood would be 19:1 °/,. 
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The capacity of the blood-gas vessel is previously ascertained by 
weighing it first empty and then full of water. That of the connecting 
tubing is determined by adjusting the gauge to zero and then raising 
the pressure to a certain definite amount, first with the vessel connected 
and afterwards with a stopper inserted into the end of the rubber tube 
in place of the glass tube of the vessel. The capacity of the vessel and 
the connecting tubing will be to that of the connecting tubing alone, as 
the first reduction in volume of the closed limb as read off on the gauge 
is to the second. 

To estimate the carbonic acid the stopper of the blood-gas vessel is 
removed after the estimation of the oxygen and ‘25c.c. of 20 °/, tartaric 
acid solution is placed in the glass pocket; the stopper is then replaced 
and the gauge adjusted to zero in the same way as before. The acid is 
then spilt and the bottle shaken till all the CO, is set free, which takes 
a very short time. The gauge is again read off and the volume of the 
CO, calculated. 

The determinations should always be made in a well-ventilated 
room, as the presence of an abnormally high percentage of CO, in the 

air enclosed in the bottle at the beginning of the experiment might 
ovidalale give rise to error both in the oxygen and CO, determinations. 

A correction is necessary for any CO, which may be present in the 
solutions employed or is absorbed from the air enclosed in the bottle. 
This correction is obtained by previously doing a complete blank ex- 
periment, using boiled distilled water in place of blood to mix with the 
ammonia solution and ferricyanide. After the correction has been 
obtained the ammonia solution should be kept in a stoppered 
bottle. 

A further complication is introduced by the fact that CO, is very 
soluble in water or the acid mixture of water and precipitated proteid 
ete. present in the bottle. To ascertain the solubility of CO, in this 
mixture as compared with its solubility in water we used a vessel of 
340 c.c. capacity, provided with a mercury gauge, and immersed in 
water at a constant temperature. In successive experiments we filled 
this vessel with pure CO, and then forced into it 500c. of boiled - 
distilled water or 50c.c. of blood diluted with water, ferricyanide, and 
acid in the proportions used for the blood-gas determinations, and after 
this mixture had been freed from CO, by shakitig with air and. boiling 
im vacuo. On thoroughly shaking up the liquid with the CO,, and 
observing the final reading of the gauge, the relative solubilities of CO, 
in the water and in the mixture could be calculated. The mean of 
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several closely concordant experiments gave at 15° a coefficient of 
absorption of 1:001 for water, and 0900 for the mixture. The 
solubility of carbonic acid in the mixture was thus 90 °/, of its solubility 
in water. 

At a temperature of 13° one cokes of water dissolves 1:065 volumes 
of CO, reduced to a temperature of 0°, or 1°11 volumes measured at 
13°. Hence at the same temperature one volume of the blood mixture 
would dissolve 100 volume of CO, measured at 13°. There would 
therefore be no error at that temperature if in calculating the CO, 
given off by the blood the blood-gas vessel were regarded as containing 
no liquid. Within the ranges of temperature commonly met with the 
solubility of CO, diminishes by about 10°/, for every four degrees of 
rise of temperature. With a bottle of about 25 c.c. capacity this would 
cause an error in a CQ, determination of about 1°/, for every four 
degrees above 13° if the vessel were regarded as containing no liquid. 
The simplest way of calculating the percentage of CO, in the blood is 
thus to regard the blood-gas vessel as containing no liquid, and to 
deduct 0°25 °/, from the final result for every degree C. by which the 
temperature of the water-bath exceeds 13°. Thus if the temperature 
of the bath were 17°, and the uncorrected result were 40°0 volumes | 
of CO, per 100 c.c. of blood, the corrected result would be 39°6 volumes. — 

To test the method we have made a variety of experiments : 

In the first place it was necessary to see that the gauges acted with 
sufficient sharpness. This was tested by the simple plan of opening 
both limbs and screwing up the clamp so as to raise the level of the 
| liquid. It was found that the gauges were always practically level 
provided that the tube had been well cleaned with ether, nitric acid, 
and water before being set up. The two gauges also showed the same 
differences of pressure when the temperature of the bath was raised 
provided that the volume of the air in the vessels and connections was 
the same, 

In order to ascertain whether any error arose from diffusion of 
oxygen through the ammonia solution to venous blood, we placed in 
the apparatus blood which had been completely deprived of its oxygen 
by commencing putrefaction. It was found that after the temperature 
had become — in the et and control vessels the gauges 7 


n 


analysis, hence no error arises from 
To test directly the accuracy of the determinations we took 
defibrinated blood, saturated with air, and determined the oxygen 
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capacity sith the apparatus and by Haldane’s method? with a carefully 
hxmo-globinometer. The results were as follows: 


A. Oz-blood. ~ 
(1) (2) Mean 
By hemoglobinometer j§§ 1960 19°80 19°70 
By new apparatus 19°87 1961 19°74 
By hemoglobinometer 12°25 12°25 12°25 
By new apparatus 123 12:2 


It is thus evident that the oxygen determinations are very accurate 
with saturated blood. With unsaturated blood, however, there is an 
evident source of slight error in the fact that the blood contains 
practically no dissolved oxygen when put into the apparatus, but an 
appreciable quantity at the end of the analysis, since at ordinary 
temperatures blood takes up 0°6°/, of oxygen from the air. It is 
therefore necessary to add about that amount to the result when the 
blood is venous. 

To test the carbonic acid determinations we employed 1 in place of 
blood, 1e.c. of a 0'200°%/, solution of Na,CO; (which had been well 
heated in a platinum ctucible before being weighed out). The results 
were as follows: 

Calculated 42:1 °/, 
Found series 41-6, 42°5, 42°) Mean 42:0%, 
Second ,, 42°77, 42:2, 42:6, 41:9, 423 Mean 423°, 

Further we have allowed the CO, to stay for a considerable time in 
the apparatus and have found that no measurable quantity is absorbed 
by the rubber tubing in the time taken for a determination. We have 
also ascertained that no appreciable change in volume is caused by the 
precipitation of proteids, etc. which occurs on mixing the acid with the 
blood and ferricyanide. 

We have tested arterial blood taken directly from two cannulx placed 
in the carotid and femoral arteries respectively of a dog. The former 
was attached to the measuring burette of Barcroft’s blood-gas apparatus 
and 8c,c. of blood withdrawn : the latter to a pipette containing oxalate ; 
the former was analysed for CO, with the pump, the latter with the 


MCW 
| CO, by pump 42-0 °/, 
by new apparatus 435°/, 


Fs 1 This Journal, xxvi. p. 501. 1901. 


+ 
a 
‘ 
Ser 
a 
‘on 
a 
a 
as 
‘ 


240 J. BARCROFT AND J. 8. HALDANE. 

Finally, to test the consistency of the apparatus we have made three 
analyses of defibrinated blood from the same vessel which gave the 
following results : 

(1) (2) 
O 18°5 18°5 18°8 186 
CO, 524 527 512 52-1 


It is thus evident that the apparatus is capable of giving sufficiently 
accurate results in spite of the small volume of blood used ; and provided 
sufficient pains are taken to avoid errors due to temperature differences 
and to the reagents employed it is not much less accurate than the blood- 
pump with much larger quantities of blood. 


(The expenses of this research have been taken from grants placed at the 
disposal of the authors by the Royal Society. ) 
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INTESTINAL ABSORPTION OF SOLUTIONS. By E. 


WAYMOUTH REID, Professor of Physiology in reat 
College, Dundee, St Andrew's University. 


THE investigations of recent years dealing with the subject of intestinal 
absorption have, on the whole, tended to confirm the view that the 
membrane of the gut, provided that its normal condition is preserved, 
is not to be classed as a passive diaphragm between blood on the one 
side and solution in the gut on the other. Nevertheless, if the con- 
clusion that the epithelium of the villi in some way acts as an active 
agent in absorption be admitted, we are still very ignorant regarding 
the extent to which its action is modified by changes in the physical 
and chemical environment of the cells within the limits of interference 
with bioplasmic processes, limits soon outstepped when concentrated 
solutions or solutions of deleterious substances are used by the in- 
vestigator. A transfer of fluid from one side of a living membrane to 
the other, when both sides are bathed ‘with a solution of exactly the 
same composition, and particularly if the transfer be against hydrostatic 
pressure, would by exclusion appear to be only explicable by some 
action within the membrane, but the case which usually occurs in the 
gut itself is that the solutions on the two sides of the membrane are 
of different composition, and the question arises, to what extent in any 
particular case is the end-result due to the specific action of the 
membrane, and to what extent to the differences in composition of the 
solutions on either side? A numerical answer to this question is not a 
possibility, and all that can be done is to devise experiments tending 
to “physically” favour a result in a certain direction and to observe 
whether the actual result is or is not in that direction, The vulner- 
ability of the epithelium restricts the scope of such experiments, and 
the following conditions among others must be observed. 

The substances used in solution must be such as either naturally 
occur in the body or such as are known from previous — not 
to have deleterious effects upon the epithelium. 

The concentration of solutions must be kept as low as is consonant 
with yielding distinct physical and chemical data. 
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Comparative experiments must be performed in one and the same 


animal, and the circulatory conditions in the loops of intestine must be 


as like as possible under the experimental conditions. 

Since the functional condition of the epithelium may be impaired in 
the course of experimental work without its actial separation from the 
basement membrane, some readily applied test of such impairment may | 
be required. The existence of one-sided permeability of the normal 
cell to the blood salts (O. Cohnheim) is the simplest test of normal 
condition, so that an entrance of sodic chloride from the blood into the 
gut lumen, distinctly in excess of the small amount usually secreted by 
the Lieberkiihn glands of the normal mucosa, is a convenient danger- 


signal of injury. 


The acceptance in any particular case of a simple physical theory 
of normal absorption of a solution through a supposed inert gut 
membrane requires that the following data shall be capable of experi- 
mental confirmation : | | 

The magnitude of the uptake of the water of the solution in a given 
time must bear a distinct relation to the difference in the magnitudes 
of the osmotic pressures of the substances in solution on the two sides 
of the membrane, to which the membrane is impermeable or permeable 
with great difficulty, for it is by virtue of the sustained difference of 
osmotic pressures of such substances that the motion of water is, by 
hypothesis, brought about. The excess of pressure of such substances 
must, of course, if absorption occur, be upon the blood side of the 
membrane. 

The magnitude of the uptake of dissolved ie in @ given 
time must be proportional to the excess of the concentration of this 
substance in the solution in the gut over that in the blood, for it is 
by virtue of excess of concentration on the gut side of the membrane 
that the substance, by hypothesis, moves over to the blood. 

If then the osmotic pressure of the blood is raised by the addition 
of a substance normal to it, and which experiment indicates does not 
gain access to the gut lumen under the conditions of the experiment, 
the uptake of water from a solution placed in the gut should be in 
excess of the uptake in the same period of time from some of such same 
solution, before such addition to the blood. 

Furthermore, absorption in a given time of more of a substance in 
solution, from a less than from a more concentrated solution of that 
substance in the gut, is on the physical hypothesis of “diffusion” alone 
not possible. 


6) 
i 
~ 
x 
» 
> 
} 
ne 
toe 
i 
i 


INTESTINAL ABSORPTION. 243 


Obviously, in the matter of water absorption conclusions from mere 
cryoscopic observations, apart from the crudeness of the method as 
ordinarily carried out, are of little value and indeed may be misleading, 
since a lowering of freezing point of a solution is only a measure of 
available osmotic pressure, when the membrane against which such 
pressure is supposed to be exerted is strictly impermeable to the sub- 
stance or substances in solution while permeable to the solvent’. 

Even with experiments with the animal’s own serum in its in- 

testine* it was noted that the same volume of water was often absorbed 
in two loops of: gut simultaneously in the same animal with considerable 
differences in the lowerings of freezing point of the serum remaining in 
the loops at the end of the experiment, and water can be absorbed 
from serum placed in the gut with a greater lowering of freezing point 
for the serum in the gut than for the serum of the circulating blood of 
the animal, 
. A little sodic chloride or carbonate added to the gut contents by 
the suwccus entericus may cause a distinct difference in lowering of 
freezing point of a solution placed in the gut over and above any 
change in its concentration in the substance under investigation as 
revealed by quantitative chemical analysis; yet the gut wall being very 
permeable to these substances in the direction of normal absorption as 
indicated by absorption experiments with weak solution of sodic 
chloride and carbonate, it is impossible to assign any definite osmotic 
pressure value, gud absorption of water, to such changes in lowering of 
freezing point, as opposed to a pressure exerted by the same substances 
from the blood side of the membrane. Lowerings of freezing point are 
sometimes quoted in experiments below since it is customary to take 
them in work of this class and since they are occasionally of interest in 
corroboration of the results of analysis, but it is to be distinctly under- 
stood that no conclusions are here based upon them alone. 


ABSORPTION OF WATER. 


The interesting point here is to attempt to determine whether in 
the absorption of the water of a simple solution the main factor is the 
physiological activity of the: epithelial cells or the relative osmotic 


) For @ recent insistence upon this important point see M. Oker-Blom, Pfliger’s 
Archiv, uxxxv. p. 543. 1901. 
2? Reid. Phil. Trans. 192B., p. 211. 1900. 
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pressures of substances to which the membrane is impermeable in the 
direction from the blood to the gut side. Since we know that the 
uninjured epithelium is impermeable or permeable with great difficulty 
by sodic chloride from the blood side, it should be possible to gain a 
little insight upon the point by raising the partial pressure of sodic 


_ ehloride of the blood sufficiently to obtain a distinct difference from 


normal, without however allowing it to rise to the level at which the 
orienting action of the cells will suffer from sodium poisoning and so 
wreck the natural conditions and the whole basis of the experiment. 
A careful check must therefore be kept upon the sodic chloride 
entering the gut, not only from such a cause as that just mentioned but 
from secretion by uninjyred Lieberkiihn glands. 

In the experiments, the data of which will be found in Table L., loops 
of intestine in the mid region of the ileum of large dogs, anzsthetised 
with chloroform and three milligrammes of morphia hydrochlorate per 
kilo of body weight, were prepared for experiment as detailed in 
previous papers’. 

Glucose solutions of concentrations known, from previous experiments, 
not to lead to epithelial injury as evidenced by leak of the sodic 
chloride of the blood into the gut contents, were used for absorption. 

The first absorption was taken with the blood of the animal in the 
condition existing when the operative procedure was complete; the 
second (almost always in a separate neighbouring loop of equal length) 
during a slow injection of a solution of sodic chloride at body 
temperature, 

The concentration of the sodic chloride solution was 5°/,, and it 
was run in from a burette connected with the femoral vein for the first 
10 min. of the 15 min. occupied in the second absorption. The 
amount of sodic chloride which can be introduced in this way into 
dogs under morphia and chloroform is limited by the fact that peristalsis 
of the gut is easily produced, a condition. which of course upsets the 
whole experiment by causing a difference in the blood supply to the 
loops the absorption from which is to be contrasted’. I have found the 
safe limit to ” ‘3 grm. of sodic chloride per kilo of body weight when 


1 See this Journal, xrx. p. 240. 1896, 

* According to Nothnagel, Beitr. z. Physiol. wu. Pathol, d. Darmes. Berlin, 1884. p. 51, 
the well-known contraction of the musculature of the gut above the point of application 
of solid sodic chloride does not occur 20 to 30 mins. post mortem in contrast to the 
localised contraction with potassic chloride. He therefore considers the former as due 
to an excitation of nervous structures. 


2 
S 
| 
= 
~ 
h 
| 
ik 
} 
3 
i 
Mg 
| 
4 
aa j 
} | 
~ 
om ~ 
‘ 
¥ 


INTESTINAL ABSORPTION. 


Ou 9 ‘ON UT Apog Jo ory 10d yo oyeydmns jo jo oY} 0} sum 


SI 


ut g ‘dxq ut ydeoxe ‘sumo gp sdooy 


°*/966-8 


rat at L0- 80- 


*/o "lo of on ZI 190- 

II ot 6 


OT9- L9- 


OT9- 9 


9Z9- 0% 
Lé9- 


°F STL. % 
OLg- 869- 


sem 
Zop ey} ‘sdxq uy 


943 JO pue ey} 48 doo] oy} OY} UT Jo OY} 0} 


0-F 
0-F 


0-F 


- 


Zop jo a 


29 


‘dxo 


16 


PH, XXVIII. 


a 
be 2 3 = 3 2 
© © ° ° ° 
4 
so sued 38 4 
wpoogjoun | 
(4 jo a 
woR 
JO 
© 
4 


246 


introduced over a period of 10 minutes from a 5°/, solution of the salt. 
As will be seen from the seventh column of Table I. this amount 
causes a considerable rise in the concentration of sedic chloride of the 
circulating blood even when the kidneys are free. The blood-pressure 


is not affected by such procedure. The concentration of sodic chloride 


in the blood was estimated by dialysing a fixed volume of the serum, 
obtained immediately by the centrifugal machine, into a larger known 
volume of water with constant motion for 48 hrs. through a Schleicher 
and Schiill parchinent thimble, ,and titration of the dialysate by the 
Volhard method. 

A careful watch was kept upon the sodic chloride content of the 
fluid removed from the loop at the end of the experiment, for obviously 
if the epithelial: barrier is broken down sodic chloride from the blood 
will enter the gut lumen and the main test condition of the experiment, 
i.e. the upkeep of a greater concentration of sodic chloride on the blood 
side of the membrane than on the gut side during the second experi- 
ment, may no longer be realised. To this end also in most experiments 
the animals were atropinised to the extent of 1 milligramme of the 
sulphate per kilo of body weight to keep down mere secretion of sodic 
chloride by the Lieberkiihn glands which would probably be greater 
during the second experiment, when the glands have more sodic 
chloride upon which to draw’. In experiment 6 ™ Pathe I. no atropine 
was administered. 

From the resulis recorded in this table it is evident that the concen- 
tration of sodic chloride in the blood may be considerably raised (13 °/, 
to 19°/, increase) without any increase in the water absorption from a 
solution of glucose of moderate concentration placed in the gut lumen. 

It will be noted that, as a rule, the final concentration of the glucose 
solution in the loops at the end of the experiment (column 11) is 
greater after the sodic chloride injection than before, and is evidently 
the result of a diminution in glucose absorption since the water —T 
tions are equal’. 


1 According to Schepowalnikow, Inaug. Dissert., St Petersburg, 1899, abstract in 
Hermann’s Jahresberichte 1900, p. 221, — has a depressant effect upon the secretion 
of succus entericus. 

2 The diminution in glucose ee seen in the second experiment, i.e. after in- 
jection of sodic chloride, is not due to any rise of concentration of glucose in the blood, 
for not only is such not detected by search in the blood, but a ‘‘ blank” experiment of 
the same type without sodium chloride injection does not show it. Thus 


Dog, 8 kilos. Two loops 47 cms, in length with lower 75 ems, above i leocecal valve 
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This rise in concentration in glucose on the gut side of the mem- 
brane might be considered as compensating the increase of partial 
pressure of sodic chloride on the blood ‘side by means of some regu- 
lating mechanism were it not that exceptionally, as in Exp.’ 4, the 
rise of concentration in glucose may occur with an increase of water 
absorption after the sodic chloride injection... . 

Yet again, as the following experiment indicates, the. absorption of 
glucose after injection of sodic. chloride into the circulation may be 
practically unaffected (if sodic chloride is exhibited on the gut side of 
_ the membrane at the same time) though the water absorption is no 
more affected by the increased osmotic pressure of the blood in sess 

case than when the glucose is exhibited in water. 


Dog, 22 ies Lower loop 125 cms. above ileocsecal valve. Lesigth of 
loops 55 cms, each. Duration of each exp. 15 mins. 30. c. of 2°/, glucose 
in 6°), sodic chloride solution, placed in each loop. grm. sodic chloride 
per kilo of body weight into circulation during second experiment. No 
peristalsis in spite of large dose of sodic chloride. Time between the we 
29 mins. 

Ist riment — 2nd 


| 
ate | (before injection) (after injection) 
_ Water absorption 10 

Glucose absorption 1452 grm. +1506 grm. 

Final concentr. of glucose 2°27 °/, : 2°25 °/, 

Ditto of sodic chloride ‘595 ‘590 ,, 


Increase of A of blood as result of injection of sodic chloride 590° ©. to 
642° C, Sodic chloride of blood not estimated. 


It is unfortunate that we cannot test the effect of a still greater 
rise of the concentration of sodic chloride in the blood, but as already 
stated the danger of peristalsis sets the limit. . 

_ Evidently then the uptake of water from a solution in the gut with 
uninjured epithelium is not a simple function of the osmotic pressure 


30 c.c. of 4%, glucose into each loop at 25 minutes’ interval. Atropine 1 mgr. per kilo. 
Duration of each absorption exp. } hr. | : 


Water absorption... 10 ¢.c. 10°5 c.c. 


Glucose absorption .. ... grm. -4356 grim. 
Final concentration of glucose 391%, 3°92 %, 


It is curious that sodie chloride from the blood side of the membrane should cause 
degrease of glucose absorption when, will be. later, it whee: 
hibited from the gut side. ; 
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of the sodic chloride of the blood to which the normal epithelium is 
practically impermeable from the blood side to the gut side of the 
membrane, and if not a function of the pressure of the chief blood salt 
probably not of any blood constituent with similar relations to the 
membrane. 

These results were certainly not expected when the experiments 
were commenced, since it seemed at least highly probable that if only 
the cement between the cells were considered as an inert osmosis 
membrane, the rise of salt pressure in the blood would make itself 
evident in an increased absorption of water, and in a previous paper’, I 
stated as an opinion that “the uptake of water from solutions in the 


- gut is due largely to the partial osmotic pressure of the blood salts, and 


especially to sodic chloride” Cohnheim* however was able to reduce 
the water absorption from solution of glucose by means of quinine 
without any inroad of blood salt being detected and considers that the 
power of sucking up fluid, however caused, is more easily affected by 
poisons than the one-sided permeability to blood salts. 

The uptake of water then with the gut membrane as little injured 
as possible is not merely an “ osmotic suction” worked by constituents 
of the blood to which the membrane is impermeable. 

- But what is the experience when the reverse experiment is made of 
varying the osmotic pressure of the solution in the gut while that of 
the blood is left constant? Here there appear to be limits (variable 
according to the physiological condition of the gut wall at the time of 
expériment) within which the osmotic pressure of the solution intro- 
duced into the gut may be varied without any effect upon the 
magnitude of the water uptake, while if these limits are outstepped an 


effect at once becomes visible. The line of demarcation between effect 


and no effect of rise of osmotic pressure of the solution upon the water 
absorption is conditioned also by the state of the membrane, the 
region of the intestine selected, and-the action of the substance in the 
solution on the membrane. 


In a previous paper* I have recorded experiments indicating that 


_ water may or may not be absorbed faster from a volume of distilled — 


water placed in the gut than from an equal volume of ‘9°/, solution of 
sodic chloride, according to the condition of the membrane previously 
experimentally induced. Again, water is absorbed at the same rate 


1 Phil. Trans, 192 B. p. 271. 1900. 


“ Ueber die Resorption im Diinndarm,” etc. 
$ * Phil. Trans. loc. cit. p, 272. 
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from « 2°/, solution of maltose anhydride as from a 2°/, solution of 
glucose, though the osmotic pressure on an impermeable membrane of 
the glucose solution is about double that of the maltose solution, and - 
in this case the gut membrane is equally permeable to the two 
substances in solution’. Cases are constantly occurring during experi- 
_ mentation where it is evident that the magnitude of the water absorp- 
tion is within limits independent of the initial and final concentrations 
of the solutions used. It is easy to outstep these limits, as is seen in 
the experiments with salted and unsalted glucose in Table II. or by 
increasing the concentration of a pure glucose solution in water, and 
of course by solutions of cathartics, but the really important point is. 
whether or no in the absorption of the solutions resulting from the 
digestion of a meal the concentration of these solutions rises above the 
limiting value, for the time nen at which, the osmotic tension is of 
account. 

The cells of the gut wall appear to be capable of wikia up fluid 
and passing it over to the blood, as demonstrated by my own experi- 
ments with the exsected intestine of the rabbit’, those of O. Cohnheim 
with the surviving gut of the cat*, and of myself by introduction of the 
dog’s own serum into its intestine*’ This cell mechanism can deal with 
considerable variation of the osmotic pressure of the solution presented 
to it, but as the pressure increases a limit is reached beyond which it 
is affected and the absorption of water consequently retarded. 

The chief determining factor as regards the rapidity of water 
absorption when these limits are outstepped and provided the substance 
in solution is not a poison is rather a relation of the osmotic pressure 
of the solution to the action of the cell mechanism than the relation of 
this pressure to that of the blood. 

In other words, the normal uninjured gut membrane is not to 7° 
considered as a simple osmotic membrane, but the action of the cells 
‘so far as concerns the absorption of water, is affected above certain 
limits of osmotic pressure of the solutions with which they have to deal. 
In this conclusion I am practically at one with O. Cohnheim*. 


1 This Journal, xxtv. p. 427. 1901, 

2 Brit. Med. Journal, May 28th, 1992, and this Journal, xxrv. p. 436. 1901. 
’ Ztschr. f. Biol, xxxvim. p. 418. 1899. 4 Phil. Trans. loc. cit. 

5 Ztschr. f. Biol. xxx1x. p. 167. 1900. | 
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THE ABSORPTION OF SUBSTANCE IN SOLUTION. 


The question presenting itself here is, is the partial osmotic 
pressure of the substance in solution in relation to that of the same 
substance in the circulating blood the sole determining factor? Both 
Gummilewsky and Heidenhain found that at a certain concentration 
of sodic chloride solution in the gut, the water and salt are absorbed at 
the same rate, and since the salt concentration in these experiments 
was at about the blood level (°6°/, to ‘7 °/,), if the uptake of such a 
' solution by virtue of the osmotic pressure of substances in the blood to 
which the membrane is impermeable does not occur and the salt cannot 
pass over by simple diffusion, their contention that this is a se of a 
substance in solution being moved by the cell mechanism, will stand. 
An experiment of this type may be quoted: 

Dog, 13 kilos. Loop of gut 100 cms. above ileocwcal valve. 30c.c. of 
607 °/, sodic chloride solution introduced. Duration of exp. } hr. 


ABSORBED 
Water . 20°06 Co. 
Sodic .. ‘1237 grm. 
Final concentr. of sodic chloride in 613°, 
Concentr. of sodic chloride in blood . Gil ,, 


It is possible to choose concentrations of glucose solutions with or 
without the addition of salt such that the glucose and water are taken 
up at the same rate, so that there is neither increase nor decrease of 
concentration in the fluid removed from the gut to any marked 
extent at the end of the experiment. Such solutions are of use in 
attacking certain problems. 

Both 4°/, solution of glucose in water and 2°/, solution of glucose 
in 6°/, NaCl solution are fluids from which glucose and water are 
usually taken up at the same rate when the gut membrane is normal. 


Final concentration °/, in glucose of a Final concentration °/, in glucose of a 
NaCl (4 °550) sol, originally 4 ser *440) 
after 3 hr intestine after } hr. in the intestine 
2°14 5°99 
4°22 
2°17 3°9] 
3-99 Mean 4:05 
209 Mean 2:07 
2°11 
2°24 4°19 
2°08 
2°22 
2°05 
1°97 


Absorption of both water and glucose had taken place in all cases, 


esa, 
- 
ne 
My 
vig] 
vy 
* 
Aw 
« A 
* 


INTESTINAL ABSORPTION. 251 


This would appear to mean that the water absorption is sufficiently 
delayed by the osmotic pressure with which the cell mechanism has to 
contend, so that the glucose uptake can keep pace. But such results 
give no clue as to the method of the glucose uptake, 1.e. whether a 
“diffusion” or some more occult process. So great an osmotic retarda- 
tion would not be required to bring about the result in the case of the 
4°/, solution of glucose in water as in the 2 °/, solution in sodic chloride 
solution, since the partial pressure of glucose is greater in the former 
_ ease than in the latter and presumably a “ diffusion ” should be con- 
ditioned by this. 

If the glucose is at 2°/, concentration in water instead of in salt 
solution the solution always undergoes an increase of concentration in 
the gut. 

Final ster (A210) a solution 


8°04 3-00 
3°28 8°15 
3°24 3-90 
3°22 3°73 
8°64 4°05 
3°89 

Mean 3°42 


While if the glucose.is at 2 °/, concentration in ‘4°/, sodic chloride 
solution a less amount of increase occurs than when in water ; 


Final concentration in glucose of a solution 
originally 2 “4 solution of sodic chloride 


in 
2°21 2-98 
2-26 2°89 
2°32 3-08 
2°95 

Mean 2°66 


Prevention of increase of concentration of the glucose solution intro- 
duced at 2°/, into the intestine may be effected with other additions — 
besides sodic chloride to °6°/,. Thus a 2°/, solution of glucose in a 
solution of “extract of meat” (A of the whole solution 582) gave for 
final concentration 1°92! after } hr. in the intestine, and in an experi- 
mént with a 2°/, solution of glucose in a mixture of 94 pts. of a sodic 
chloride solution, 3 pts. of a potassic chloride solution, and 3 parts of a 


1 Glucose may be accurately estimated in solution in ‘extract of meat” if other 
substances reducing copper are first. thrown out by phosphotungstic and hydrochloric acids. 
Thus, °4 grm. of glucose in a solution holding 2°5°, of the paste was estimated as 
*3981 grm. as against *3987 in °6°/, solution of sodic chloride. 
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calcic. chloride solution isotonic with one another (A of the whole 
solution *554) the concentration after } hr. in the intestine was 2°05 °/,. 

On the other hand if the glucose solution in water is made stronger 
than 4°/, the glucose may outpace the water and so the solution 
removed from the gut may be of lower concentration in glucose than 
that introduced. Thus 5°7°/, solution of glucose became 4°88 °/, wend 
50°, became 4°71 */, after } hr. in the gut. | 

_ Did experiment stop here thé simple conclusion might be arrived at 
that the glucose simply “ diffuses” over into the blood quicker or slower — 
according to the relation of the concentration in the intestine to that 
in the blood, as is the case according to most observers when strong 
solutions are used which damage the gut membrane. 

It is however possible to adduce evidence that the matter is not so 
simple when weak solutions, such as presumably exist in the contents — 
of the normal gut during digestion, are employed for experiment. 

The effect of “salting” the fluid introduced into the gut, upon the 
uptake of water has already been mentioned and the delay attributed 
to the osmotic pressure of the solution with which the absorbing 
mechanism of the cells has to deal. But another phenomenon very 
frequently noted in the absorption of salted as against unsalted weak 
glucose solution is that the uptake of glucose is favoured at the same 


time that that of the water is retarded by the salting. 


As already stated the concentration of unsalted glucose solution 
originally 2°/, rises in the intestine, while that of salted glucose 
solution, according to the degree of salting, remains at the initial con- 
centration or increases in concentration less than does the unsalted. 

If the passage of glucose to the blood from a solution in the 
intestine is merely a matter of the relative concentrations in that 
substance on the two sides of the membrane, in one and the same 
animal and over simultaneous and equal experimental periods, more 
glucose must be absorbed from the unsalted solution (the concentra- 
tion of which is continually rising) than from the salted solution (the 
concentration of which either does not rise or rises to a less degree than 
that of the unsalted). The results in Table II. indicate that this. 
supposition is not borne out by actual experiment, 

- Reference to column 7 of this table shows that in seven of the 
eleven experiments the uptake of glucose is greater from the solution 
with lower final concentration in that substance, in two it is about 
equal in spite of the difference in final concentration in glucose of the 
fluid from which glucose is being absorbed, while in the mnnene 
two it is less from the solution of lower final concentration. - 
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So far as experiment has gone the non-occurrence of this remarkable 
phenomenon of greater uptake of glucose from the salted solution of 
lower final concentration is associated with the fasting state of the 
animal. Expts. 2, 3, 5, and 6, are all on animals which had fasted some 
time. In Expts. 9 and 11 the time of the last feed was not noted, but 
according to laboratory rules would be about sixteen hours previous 
to experiment, | 3 

The most striking results are certainly in Nos. 1 and 4, where 
the condition of “white lacteals” was present. 

I was unable to get the effect in an animal under nicotine in spite 
of the conditions of full digestive activity as evidenced by “ white 
lacteals.” 

Dog, 9°5 kilos. In full digestion with white lacteals. Two 50 cm. loops, 
the lower 100 cms. above the ileocecal valve. Duration of experiment } hr. 
100 mgrs. of nicotine in 1 °/, solution in saline introduced into circulation 
2 mins. before commencement of absorption. No vagus effect on heart 
10 mins. after close of absorption. 30 .c. salted (‘6°/,) and unsalted 2°/, 
glucose solution introduced into the loops. 


ABSORPTION 
Salted loop Unsalted loop 
‘Water ... 9°5 c.c, 16 c.c. 
Glucose . 1410 grm. "1506 grm. 
Final of glucose 224°), 3°21 °/, 


The conclusion forces itself that some action of sodic chloride is 
here making itself manifest. 

Of late years the view that salts have wanihe physiological effects 
other than those due to the pressures exerted by them in the state of 
solution has not lost ground, as. witness especially the work of Loeb 
and his pupils, and it seemed of interest to contrast potassium with 
sodium choride in isosmotic solution in respect of the effect upon the 
uptake of glucose by the gut wall’. 

_ Though potassium is far more poisonous to some sissies: (notably 
cardiac muscle) than is sodium it does not of course follow that the two 
ions will have the same relative effect upon the intestinal epithelium*. 

1 Glucose estimations are as accurate in presence of potassium chloride as in that of 
sodium chloride. Thus ‘2 grm. of glucose in water, in ‘6 °/, sodic chloride and in *762°/, 
potassium chloride was estimated respectively as -1976, -1956, and *1956 grm. 

2 For specific actions see cilia and body muscle of larve of Arenicola cristata. Lillie, 
Amer. Jour. Phys. v. 1901, p. 56; Parthenogenesis of Chetopterus, Loeb, ibid. r1v., 
1901. p. 423; Excitation of Afferent Nerve, Griitzner, Pfliiger’s Archiv. 11. 1893. p. 83; 


and many papers by Loeb of late years in Pfliiger’s Archiv and American Journal of 
Physiology. | 
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The results of some of these experiments are contained in Table ITI. 

It would appear from these results that when potassium is exhibited 
in the upper loop in contrast to sodium in. the lower the glucose ~ 
absorption in the former distinctly exceeds that in the latter irrespec- 
tive of slight variations in the water absorption in either direction. 

Reversing the position of the salts in the loops, te. with the potas- 
sium salt in the lower loop, the difference in the absorptions are not 
greater than stich as may occur with the same solution in both loops 
(cf. Phil. Trans., 192 8, 1900, p. 230). 

It will be of interest to extend these observations with lower 
concentrations and with other anions. 


Conclusion. It appears from a study of the absorption of weak 
solutions of glucose that with the intestinal membrane as normal as 
the experimental procedure will permit, phenomena present themselves 
which are as distinctly opposed to a simple physical explanation as are 
those previously studied in the absorption of serum. Probably with 


_ weak solutions of non-irritating substances the specific cell-action is 


the main factor, variable, directly or indirectly, according to changes in 
the physical environment, while there is some evidence that chemical 
excitation may play a part. 


The expenses of the above research were in part defrayed from a grant 
from the Scientific Grants Committee of the British Medical Association. 
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METABOLISM ON ORDINARY AND FORCED DIETS 
IN NORMAL INDIVIDUALS. By FRANCIS W. GOOD- 
BODY, M.D., M.R.C.P., Assistant Professor of Pathological 
Chemistry, University College, London, NOEL D. BARDSWELL, 
M.D., M.R.C.P., Physician to the Sanatorium, Banchory, AND 

J. E CHAPMAN, MRCS, LRCP., Clinical to 
the Sanatorium, Banchory. 


(From the Chemical Pathological Department, U steele College, London.) 


ALTHOUGH, of late years, a very large amount of attention has been 
devoted to the study of metabolism in morbid conditions, very little 
attention appears to have been paid to normal metabolic changes since 
the epoch-making -work of Voit in Munich during the eighties. 

In connection with some experimental researches in the metabolism 
of pulmonary tuberculosis it appeared to us to be of interest to study, 
firstly, the metabolism of normal individuals, and then the effect of a 
greatly increased diet on them. 

The results given in “ Digest of Metabolism Experiments” show 
rather contradictory results on normal diets; and in order to obtain 
satisfactory figures for comparison, it is necessary to undertake re- 
searches on normal people in the same place and in, as closely as 
possible, approximate conditions. 

With these few preliminary remarks we pass on to describe the 
régime adopted, and the results obtained. | 
_A diet was drawn up representing roughly the normal one of each 
individual, and this was adhered to for one week. On the fourth 
morning of this week 15 grammes of charcoal were taken at 8 a.m., 
and the urine collected in 24 hour periods for four days, and then a 
second dose of charcoal was taken. The feces were collected from the 

appearance of the first dose of charcoal to that of the second. 

During the succeeding week a diet—which had been previously 
calculated to contain the wished-for number of Calories—was taken, 
and on the fourth morning charcoal was given and the collection of 
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urine and feces commenced. Owing, however, to the marked disturb- 
ance in health caused by the large quantity of food taken, two 
individuals were unable to continue on this diet for more than six 
days. Consequently, the second dose of charcoal was given on the 
morning of the seventh day, so an average of three days only was 
obtained in this period. In the third case this average is only one 
of two days, as it was considered advisable to give an intermediate dose 
of charcoal on the sixth day, the final dose of charcoal being given on 


the morning of the eighth day. 


During the period of two of these experiments the individuals were 
oecupied in indoor work, taking, however, a definite enone of exercise 
each day. 

The»other individual, who took the diet containing the sielbest 
number of Calories, spent most of the day in the open air, and took two 
hours’ exercise per diem. The disturbance caused by the forced feeding 
will be alluded to in each case. 


TasLe 1. The various diets and number of Calories gwen in Case I. 
together with the percentage of nitrogen and fats absorbed, etc. 


Period A : B 
Proteids 146-75 29406 
Fats 113-75 258°41 
Carbohydrates 204-00 386-06 
Total Calories 2495°95 5191-71 
Calories per kilo 314: 65°5 
Fluids 2000 3000 
Nitrogen in urine 2151 35°03 
Urea aes 38°74 59°83 
Nitrogen in fxces 1-93 2-08 
Fat in feces 5°76 14°85 
Nitrogen absorbed per cent. 91:78 95°58 
Fat absorbed per cent. 94-93 94:11 
Weight at beginning of period 793 85°50 © 
Weight at end of period — | 85°90 
Average weight 79°5 85°80 


Case I. This individual, aged 30 years, was perfectly healthy in 
every respect at the time of the experiment. He had had, in previous 
years, a tendency to the formation of tophii, but there had been no — 
manifestation of any gouty trouble for some time. 

in this case no normal period was taken just — to the oe 
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of forced feeding, as the results obtained in an experiment which has 
been performed for other purposes were taken as normal. This was 
necessary, as the time available was limited, and accounts for the fact 
that there are no estimations of phosphoric acid, chlorides or sulphates 
given in period A, and also the difference in weight between periods 
A and B, 

Period A. During this week a diet was taken containing 146°75 
grammes proteids, 113°75 grammes fats, and 20400 grammes carbohy- 
drates. The total number of Calories contained in this diet was 2495°95, 
and the number per kilo body-weight 31'4, the number of Calories 
being therefore hardly sufficient for an individual engaged in moderate — 
work, as was the case in this period. Owing to a considerable quantity 
of milk being taken in the diet the average quantity of fluids taken 
per diem was 2000 c.c. 

The quantity of nitrogen contained in the above diet was 23°48 
grammes, and since 21'51 grammes of this substance were excreted in 
the urine, and 1°93 grammes in the feces, it is evident that the 
individual was on nitrogen equilibrium, only 0°04 grammes of nitrogen 
being retained in the body—and this small quantity might well be due 
to experimental error. 

The average quantity of urine excreted per diem was 1492 ac., he 
quantity passed on the fifth day being large (1920c.c.). The average | 
specific gravity was 1020. 


TasBLe 2. The daily excretion of nitrogen and nitrogenous substances 
in the urine in Case I. on diet A. 


Date Nitrogen - Urea Uric acid Ammonia 
27—28 18-27 $439 0-058 
28—29 21°39 32°33 . 0-809 
29—30 22°66 42°81 0-718 0°185 
30—1 22°14 » 40°16 0°651 
1—2 22-09 42°26 0-615 0-172 
2—3 40°47 0°628 0:093 
Average 21°51 38°74 0°679 0-119 


Except on the first day, when 1827 grammes were passed, the 
excretion of total nitrogen remained very constant throughout this 
period, the daily average being 21°51 grammes. The distribution 
of this substance amongst the nitrogen-containing constituents of 
the urine was as follows :—83'98 per cent. was eliminated in the 

17—2 


~ 
~ 
7 
fi 
* 

‘ 
a 
vg 
=> 
* 
q 
. 


260 F. W. GOODBODY, N. D. BARDSWELL, J. E. CHAPMAN. 


form of urea: 1°09 per cent. in that of uric acid: and only 0°45 
per cent. in that of ammonia. It will be seen from the above that 
the proportion eliminated in the form of nitrogen rest (14°48 per cent.) 
was rather above the normal. The average daily excretion of urea 
was 38°74 grammes, that of uric acid 0°679 grammes, and that of 
ammonia 0°119 grammes. It should be mentioned that the above 
averages agree closely with those obtained in other researches in this 
individual. As has already been mentioned, no estimations of phos- 
phoric acid, chlorides or sulphates were made in this period. 


TaBLe 3. The daily excretion of nitrogen and. fate in the feces in 


Case I. on diet A. 

Date Quantity Water percent. Nitrogen Fats 
27—28 242 77°33 2°58 5°87 
28—29 99 74:15 1°16 2°64 
29—30 198 75°35 2-72 8°51 
30—1 156 75°13 1°84 675 

1—2 62 72°56 0°84 2°42 

2—3 156 68°81 2°42 8°35 

Average 152 73°72 1°93 5°76 


It will be seen from the above Table that the excretion of nitrogen 
in the feces varied considerably, ranging from 0°84 grammes to 2°72 
grammes, the daily average being 1°93 grammes. This quantity is 
considerably above the normal amount found in health, but it must 
be remembered that the individual was living largely on proteid and 
fat diet, the quantity of carbohydrates taken being decidedly low. 
- The excretion of fats in the feces also showed considerable variations, 


from 2°42 grammes to 8°51 grammes, the daily average being 5°76 
grammes. 


Case I. on diet A. : 

7-35 9548 113-75 8901 94°85 

28—29 23-48 113-75 95-06 97°68 

30—1 23-48 11876 9808. 
1—2 23-48 113-75 96°43 

2—3 23-48 113-75 89-69 92-66 


Average 23-48 113-75 91°78 94-93 
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The absorption of this substance was very low during this period, 
being only 91°78 per cent. The average absorption of fats was also 
below the normal, being only 94°93 per cent. 

The weight on the first day of the period was 79: 20 kilos: that on 
the last day being unfortunately not taken. The average weight © 
was 79°5 kilos, and it remained fairly constant throughout the period, 
Throughout this week the individual was in his normal state of health. 

Period B. It was originally intended to double the number of 
Calories per kilo body-weight during this period, but this could not 
be exactly carried out. However, as will be seen later, the difference 
was very slight. The diet consisted of 29406 grammes proteids, so 
that there was an increase of 147°31 grammes of this substance over 
that given in the previous week; 14466 grammes of fats were added 
to the diet, the total quantity taken being 25841 grammes; the 
increase in the quantity of carbohydrates was not so marked, being 
182°06 grammes, so that the total quantity taken was 386-06 grammes. 
It follows that the total number of Calories was more than doubled, for 
5195°95 were taken in this period as compared with 2495°95 in period A, 
The average number of Calories per kilo body-weight was 65°5 as com- 
pared with 31-4 in period A, but there had been a considerable increase 
in weight between the two periods, amounting to 6°3 kilos. Owing to 
an increased quantity of milk being consumed, the daily quantity of 
fluids taken amounted to 3000c.c. The quantity of nitrogen contained 

in this diet was 47:05 grammes, that is, more than double the normal 
quantity consumed in health, and 35°08 grammes of this substance were 
eliminated in the urine and 2°08 grammes in the freces; so that 9°96 
grammes were retained in the body. On comparing this with the 
previous period it will be seen that, although 23°57 grammes extra of 
nitrogen were ingested, nearly ene (14°67 grammes) were im- 
mediately excreted. 

The average daily quantity of urine ieusiell was 2280 c.c. as against 
1492.c.c. in period A, and the increase was almost proportional to the 
increased quantity of fluids taken. Notwithstanding this large quantity 
of urine, the average specific gravity rose to 1022. 


 Tasre 5. The daily excretion of nitrogen and nitrogenous substances im 
the wrine in Case I. on diet B. 


$—4 3552 0-86 O46 
4—5 34°04 60°33 0°94 
35:53 53°13 118 0°49 


Average 35-03 59-83 098 0-49 
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The average quantity of total nitrogen excreted per diem was 35°03 
grammes, and was markedly in excess of that in period A, when 21°51 
grammes were eliminated. This nitrogen was distributed as follows :— 
79°74 per cent. was eliminated in the form of urea, a considerable 
increase from the 83:98 per cent. found in the previous period: 0°55 
per cent. was eliminated in the form of uric acid, and that in the form 
of ammonia increased from 0°45 per cent. to 1°15 per cent. There was 
a considerable increase in the proportion eliminated as nitrogen rest, 
from 14°48 per cent. to 19°16 per cent., so that the liver was unable to 
deal adequately with the large quantity of proteid food provided. The 
average daily excretion of urea rose to the extremely high figure of 
59°83 grammes. The excretion of uric acid was 0°98 grammes per diem, 
and that of ammonia 0°49 grammes per diem. 


TABLE 6. The daily excretion of the inorganic substances in the urine in 


Case I. on diet B. 
Bulphates 
Date Phosphoric acid Chlorides Total Alkaline Aromatic Ratio 
3—4 552 - 10°80 480 0-31 155 :1 
4—5 4°57 10°67 5°28 5-01 0-27 18°5:1 
5—6 4°75 9-12 384 361 0-23 


Average 4:95 10-20 474 447 0-27 16-6 : 1 


Although no analyses of the following substances were made in 


_ period A the results given in Table 6 are of interest, as they show the 


amounts of the inorganic substances in the urine excreted on a forced 
diet. 

The average daily excretion of phosphoric acid was above the 
normal, being 4°95 grammes. The quantity of chlorides excreted was 
very large, amounting to a daily average of 10°20 granimes. An 
average of 4°74 grammes of total sulphates was excreted in the urine, 
and of this quantity 447 grammes were eliminated in the form of 
alkaline sulphates. The average elimination of aromatic sulphates 
was 0°27 grammes, consequently only slightly above the normal, the 
ratio of the alkaline to the aromatic sulphates being 16°6:1. This 
appears to point to the fact that there was no increase in the amount 
of intestinal putrefaction; but on the day following the conclusion of 
the experiment the amount of indican (as estimated by qualitative 
tests) was greatly increased, and if the analysis of the sulphates had 
been carried on a few days longer it is almost certain that this ratio 
would have been greatly diminished, as there was a good deal of 
intestinal trouble which will be referred to in detail later. — 
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on diet B. 
Dato. Quantity Water, Nitrogen 
3—4 226 82°02 — 
2:18 
5—6 480 82:80 73 2161 
Average 326 80-18 208 1485 


_ The excretion of nitrogen in the feeces rose steadily throughout the 
three days that analyses were made in this period, and on the last day 
amounted to 2°73 grammes, the daily average being 2°08 grammes, that 
is, only, slightly above the 1°93 grammes found in period A. The 
- excretion of fats was high on the first day, 6°63 grammes, and increased 
considerably on the second and third days, on the latter of which the 
very large quantity of 21°61 grammes were eliminated, the average daily 
excretion meng 14°85 grammes. 


Case I. on diet B. 


Date Fats in diet Mitogen absorbed Fats absorbed °/, 


3—4 47-05 258-41 9717. 97-05 
. 95-37 93-66 

Average 47-05 258-41 95-58 ays 


On account of the very large qasittty of proteids given in the food 
the quantity of nitrogen absorbed increased from 91°78 per cent. to 
95°58 per cent. in this period; but this increased percentage was 
obtained at the cost of the well-being of the intestinal tract, as will be 
seen later. Notwithstanding the excessive excretion of fats the 
average rate of absorption was 9411 per cent., a decrease of only 
0°82 per cent. as compared with the rate found in period A; but it 
must be remembered that the — of fats taken in the diet was 
extremely large. 

Owing to there having been a considerable interval between periods 
A and B, the weight on the first day of the latter period had risen to 
83°40 kilos, that on the last day beimg 85°90 kilos. The average 
weight for the period of analysis in this week was 85'8 kilos, and there 
was an increase of 2 5 kilos the six days that the 
lasted, 
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The condition of the individual changed decidedly for the worse 
during this period, as his appetite failed completely and he complained 
of a feeling of weight and distension in the abdomen; he also suffered 
considerably from hemorrhoids, and since these conse’ to give any 
trouble almost immediately on the return to the normal diet they must 
have been due to the large quantity of blood in the portal circulation. 
On the last day he suffered from colicky pains in the abdomen, and 
diarrhoea set in, attended after the first few motions by mucus, and a 
slight attack of mucous colitis followed, which lasted some days. The 
normal health was not regained for nearly 3 weeks, but the increase in 
weight was lost in about 8 days. 


together with the percentage of nitrogen and fats, absorbed, ete. 


Period ee B 
Proteids 133-24 173-06 

+ Fats 91°95 147-78 
Carbohydrates 244-12 489-89 
Total Oalories | -2402°35 3887°45 
Calories per kilo 42°61 67°55 
Fluids 1200 2600 
Nitrogen in urine 7 17°90 : 19°58 
Urea 32°91 35-91 
Nitrogen in feces 1:56 1°58 
Fat in feeces 5-26 3°45 
Nitrogen absorbed per cent. 92°89 94°27 
Fat absorbed per cent. 94:28 98-34 
Weight at beginning of period §=§ 56°85 56'36 

Weight at end of period 86°35 
Average weight 56°39 57°55 


Case II. This experiment was carried out on a perfectly normal 
individual, aged 25 years, who was accustomed to leading a somewhat 
sedentary life. As has been already mentioned he took charcoal on 
the sixth day of the second week as there was some doubt about the 
analyses of the previous days, and again on the eighth day, the ee 


of the last two days only being given. 


Period A. The diet in this period consisted of 18324 grammes of 
proteids, 91°95 grammes of fats and 244°12 grammes of carbohydrates. 
The total number of Calories was 2402'35, and the number per kilo body 
weight 42°61. This diet, although a not excessive one, was rather more 
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than the individual had been in the habit of taking, and the number of 
Calories per kilo are sufficient for a person doing rather more work than 
he was engaged on at this time. The quantity of fluids taken per 
diem was 1200 c.c. 

The quantity of nitrogen in the above diet was 21°32 grammes, and 
since 17°90 grammes were excreted in the urine, and 1:56 grammes in 
the frces, it follows that 1°86 grammes were retained in the body. In 
other words, nitrogen equilibrium was not quite established. The 
average daily quantity excreted was 1287 c.c., and the average specific 
gravity 1026, so that the latter was above the normal. 


TaBLE 10. The daily excretion of nitrogen and nitrogenous substances 
in the urine in Case II. on diet A. | 
Date Nitrogen Urea Uric acid Ammonia 


5—6 17°60 82°43 0°57 0-19 
6—7 18-82 34:33 0°65 0-12 
7-8 17-26 34:34 0:13 0-31 
17-93 30-52 057 O18 
Average 17-90 32:91 0-19. 


The daily average excretion of total nitrogen in the urine was 
17-90 grammes, and of this quantity, 85°85 per cent. was eliminated in 
the form of urea, 0°86 per cent. in that of uric acid, and 0°88 per cent. in 
that of ammonia, so that 12°41 per cent. was eliminated in the form of 
nitrogen rest. The average quantity of urea was 32°91 grammes per 
diem, that of uric acid 0°46 grammes per diem, and that of ammonia 
0°19 grammes. 


Taste 11... The daily of the inarganie tance in te wine 
in Case II. on diet A. 


Sulphates 
Date Phosphoric acid Chlorides Total Alkaline Aromatic Ratio 

5—6 2:78 6°57 3-18 2-93 0-25 117 :1 
2°89 7:93 3-18 2-97 0-21 14:1:1 
Average 2°79 6-11 2°77 2:56 0-21 


On turning to the inorganic constituents of the urine it will be 
seen that the daily average excretion of phosphoric acid was 2‘79 | 
grammes, the variation between the quantities on the different days 
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being very slight. The average daily excretion of chlorides was 6:11 — 
grammes. The quantity of total sulphates excreted in the urine was 
rather low, the daily average being 2°77 grammes. 2°56 grammes of 
this quantity was eliminated in the form of alkaline sulphates, the 
average elimination of aromatic sulphates being 0°21 grammes. From 
this it will be seen that the ratio of the alkaline to the aromatic 
sulphates was 12°2 : 1. | 


Tasie 12, The daily excretion of nitrogen and nitrogenous substances 
| in the faces in Case II. on diet A. 


Date Quantity Water °/, Nitrogen Fats 
5—6 70 66°71. 0-94 3°25 
6—7 171 194 6-75 
7--8 161 79°59 .. 
8—9 145 68-09 1:86 6-46 
Average 137 71:53 1°56 5°26 | 


It will be seen from the above Table that the ‘excretion of nitrogen 
in the feces was rather above the normal, the daily average being 1°56 
grammes. The elimination of fats was also slightly increased, the 
average being 5°26 grammes. 


Taste 13. The daily diet and percentage of nitrogen and fats absorbed 
in Case II. on diet A. 


5—6 21-32 91-95 95°59 96°47 
6—7 2132 90-90 92°66» 
7—8 21°32 91-95 9381 95-01 
8—9 21:32 91:95 91-28 92-97 
Average 21:32 91-95 92°89 94:28 


In this case also, the average percentage absorption of nitrogen was 
considerably below the normal, being only 92°89, and a similar remark 
applies to that of the fats, the absorption being only 94°28 per cent. _ 

On the first day of the analytical period the individual weighed 
56°85 kilos, and on the last day of this period 56°35 kilos, the average of 
the four days during which analyses were carried out being 56°39 kilos. 
The individual was in his normal state of health throughout this week. 

Period B. During this week there was a general increase in the 
_ constituents of the diet, the principal one being in carbohydrates. The 
quantity of proteids was increased by 39°82 grammes, the daily total 
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being 17306 grammes. An increase of 43°83 grammes was made 
in the fats, so that 147‘78 grammes were taken. The quantity of 
carbohydrates was increased by 195°77 grammes, the total being 439°89 
grammes, The total number of Calories contained in this diet was 
3887°45, an increase of 1485°10 over period A, and the number per 
kilo body-weight was 67°55. The quantity of fluids taken per diem was 
more than doubled in this period, 2600 c.c. being taken as compared 
with 1200 cc. in the previous period.. 

The quantity of nitrogen contained in the above diet was 27°69 
grammes, and 19°58 grammes of this substance were eliminated in the 
urine and 1°58 grammes in the feces, so that 6°53 grammes were 
retained in the body, as compared with 1:86 grammes in period A. 
Consequently, only 467 grammes more were retained, although 6°37 
grammes were added to the diet, the retention of this substance being 
really worse in this period. 

‘There was a marked increase in the average daily excretion of urine, 
from 1287 ¢.c. to 2025 c.c., that is, nearly proportional to the added 
quantity of fluids taken. The specific gravity diminished from 1026 

to 1018. 


| in the wrine in Case II. on diet B. 


Date Nitrogen Urea Uric acid Ammonia 
29—30 19-56 36°63 0°52 0-18 
30—31 19°59 35°19 0°68 0°26 

Average 19°58 35°91 060 0°22 


The averaye daily excretion of total nitrogen in the urine was 19°58 
grammes, as compared with 17°90 grammes in period A, so that the 
increase in this case was slight. The distribution of this substance 

amongst the nitrogen-containing constituents of the urine was as 
follows :—85°10 per cent. was eliminated in the form of urea: 1°03 
per cent. in that of uric acid, and 0°95 per cent. in that of ammonia. 
Therefore, the proportion eliminated as nitrogen rest was 12°92 per 
cent., roughly the same as in period A, and within the normal limits, 
The average daily excretion of urea was 35°91 grammes, that of uric 
acid was 0°60 grammes, while that of ammonia increased from 0°19 
grammes to 0°32 grammes. 
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15. The daily eaoretion of the imorganic substances in the urine 
in Case II. on diet B. 


Sulphates 
Phosphoric 
Date acid Chlorides ‘Total ‘Alkaline Aromatic —‘Batio 
29—30 313 5°74 3°32 197: 1 
30—31 3°56 3-57 3:33 0:24 13-9 : 1 


Average 6-56 3-44 324. 090 168: 1 

It will be seen from the above Table that the average quantity 
of phosphoric acid excreted was 3°34 grammes per diem as compared 
with 2°79 grammes in the previous period. 

The excretion of chlorides in the urine did not show the same 
relative increase as was observed in the case of phosphoric acid, the - 
average per diem being 6°56 grammes as against 6°11 grammes in 
period A, The average daily excretion of the total sulphates in the 
urine increased to 3°41 grammes, and of this quantity 3:24 grammes 
were eliminated in the form of alkaline sulphates, while the average 
elimination of the aromatic group diminished from 0°27 grammes to 
0:17 grammes; consequently, the ratio of the alkaline to the aromatic 


_ sulphates increased to 16°8:1, so that there was evidently no increased 


intestinal putrefaction in this case on increasing the diet. 


TaBLeE 16. The daily exeretion of nitrogen and fats in the forces in 
Case II. on diet B. 


Date Quantity Water °/, Nitrogen Fats 
29-—30 132 73°87 1-44 3:21 
30—31 233 82°40 1°73 3°69 

Average 78°14 1°58 3°45 


On turning to the consideration of the feces it will be seen that 
there was practically no change in the average daily excretion of 
nitrogen in this manner, 1°58 grammes being found as compared with 
1°56 grammes in period A. Contrary to what was observed in the 
other two cases the excretion of fats diminished in this period, and 


averaged 3°45 grammes aid diem as against 5°26 grammes per diem in 
the previous week. 


TABLE 17. The daily diet and percentage of nitrogen and fats absorbed 
an Case II. on diet B. 


Date Nitrogen Fats in Nitrogen Fats 
in diet diet absorbed */, absorbed °/, 
29—30 27°69 147-78 9479. .. 98:50 
30—31 27°69 147°78 93°75 98-18 


Average 27°69 147-78 94:27 98°34 
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‘The average absorption of nitrogen increased in this period from 
92°89 per cent. to 94°27 per cent., the latter quantity being still below 
the normal, As was to be expected from the small quantity of fats 
found in the feeces, and also from the increased amount given in the 
diet, there was a considerable improvement in the average absorption, 
98:34 per cent. being found as compared with 94:28 per cent. in 
period A. 

The weight on the first day of the period was 56°36 kilos ey on the 
last day 57°15 kilos, showing a gain of 0°80 kilos on comparing the last 
days of the two periods. On comparing the average weight of the days 
on which analyses were carried out, there was a gain of 1°11 kilos, the 
weight in period B being 57°50 kilos as aguas 56°39 kilos in the 
previous week. 

During this week the individual did not suffer so much from the 
effects of forced feeding as the other. two cases, but he complained 
of sensations of weight and distension in the epigastrium. However, 
he regained his normal condition within a few days. It should be 
mentioned that he had previously attempted a forced diet, but had 
failed to continue it for more than two days, owing to the feeling of 
satiety produced. 


TaBiE 18, The various dicts and number of Calories given in Case Hy, 
ete. 


Period 
Proteids 396 ‘88 
Fats 102:23 289°15 
Carbohydrates 285-00 492-11 
Total Calories 2705°79 6087-95 
Calories per kilo 40°67 
Fluids 2520 3920 
Nitrogen in urine 18°58 32°65 
Urea 33°80 60-06 
Nitrogen in feces 1:26 2°47 
Fat in feces 4°66 21°01 
Nitrogen absorbed per cent. 94-28 95:42 
Fat absorbed per cent. 95°44 92°50 
Weight at beginning of period 66°15 "68°65 
Weight at end of period 66°10 68°85 
Average weight 66°20 68-98 


Case III. The subject, aged 28 years, of this experiment was 
perfectly normal in every respect and had been working very hard for 
some time previously, but, at this period, was not so busily engaged. 
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Period A. During this week the diet consisted of 143°03 grammes 
proteids, 102°23 grammes fats, and 285°00 grammes carbohydrates. 
The total number of Calories was 2705°79 and the number per kilo body- 
weight 40°67, Owing to a considerable quantity of milk being taken 
the daily average of fluids consumed was 2520 cc. 

In the above diet 2289 grammes nitrogen were contained, and 
since 18°58 grammes of this substance were eliminated in the urine 
and 1°26 grammes in the feces, it follows that 3°00 grammes were 
retained in the body, so that this individual also was not quite on 
nitrogen equilibrium. | 

The average quantity of urine passed per diem was 1590 c.c. wud 
the average specific gravity was 1017. 


Tasie 19. The daily excretion of nitrogen and nitrogenous substances 
in the wrine in Case III. on diet A. 


Date Nitrogen Urea Uric acid Ammonia 
32°20 0°32. 0-42 
1—2 19-04 35°84 0-74 0:39. 
2—3 18°85 33-28 
3—4 19-19 33-90 0-77 ce 
Average 33°80 0-61 0-41 


The excretion of total nitrogen in the urine averaged 18°58 grammes 
per diem, and this substance was distributed as follows :—83°84 per cent. 
was eliminated in the form of urea, 1°09 per cent. in that of uric acid, 


and 1°85 per cent. in that of ammonia, the proportion eliminated in the 


form of nitrogen rest being 12°72 per cent. The average daily excretion 
of urea was 33°80 grammes, that of uric acid 0°61 grammes, and that of 
ammonia 0°41 grammes’. 


Tasie 20. The daily excretion of the inorganic substances in the urine 
in Case III. on diet A. 


Sulphates 
31—1 2-09 2°88 2°37 219 0:18 12°2:1 
1—2 2°80 3°82 2°66 2°45 0°21 1 
2°52 3°51 945 337 0-18 12-4:1 
3—4 2:99 3°80 3-23 3-00 0-23 13 :1 
Average 2°58 3:50 2°68 2°48 0:20 12°4:1 


number is the average of only two estimations. 
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On turning to the consideration of the inorganic substances of the 
urine we find that the excretion of: phosphoric acid remained fairly 
constant on the first 3 days, rising considerably on the 4th day ; and 
that the average was 2°68 grammes. The daily average quantity. of 
chlorides excreted in the urine was very small, being only 3:50 grammes. 
The quantity of total sulphates eliminated in the urine averaged 2°68. 
grammes per diem, and of this quantity 2.48 grammes were excreted 
in the form of alkaline sulphates, the average of the aromatic group 
being 0°20 grammes. Therefore the ratio of the alkaline to the 
aromatic sulphates was 12°4: 1. 


Taste 21. The daily excretion of nitrogen and fats in the foeces in 
Case III. on diet A. 


Date «Quantity Water, —‘Nitrogen Fats 
61 61:87 10 
1—2 104 66:13 1:38 5-62 
2—3 94 63-87 1°52 641 
64 61:87 1:10 3-89 
Average 64-44 1-31 4-66 


From the above Table it will be seen that the average excretion 
of nitrogen in the feces was 1:31 grammes, so that the excretion 
in this individual was also somewhat above the normal. The excretion 
of the fats during this period averaged 4°66 grammes per diem. _ 


TaBLE 22. The daily diet and percentage of nitrogen and fats absorbed 
in Case on diet A. | 


22:89. 102-23 95-41 96:37 
22-89 10223 94-52. 

2-3 22°89 102-23 93-36 94-71 

$4 «9-89 102-23 95-19 96-20 

Average 22-89 102-23 94-28 95°44 


Although the average percentage absorption of nitrogen was rather 
low in this case (94°28) it was above that found in the other cases, 
Here also we find that the average percentage absorption of fats was 
below the normal, being 95°44. 

The weight on the first day of analysis was 66°15 kilos and on 
the last day 66°10 kilos; and the average weight for the four days 
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during which analyses were carried out was 66°20 kilos. Throughout 


this week the individual remained in his normal state of health. 

Period B. The increase in diet during this period was very great, 
and consisted of 193°82 grammes. proteids, 186-92 grammes fats, and 
207'11 grammes carbohydrates, so that the total quantity of food 
taken each day amounted to 336°88 grammes proteids, 289°15 grammes 
fats, and 492°11 grammes carbohydrates. The total number of Calories 
in this diet was extremely high, amounting to 6087-95, so that there 
was an increase of 3382:16 over the number of Calories contained in 
the diet in period A. This individual succeeded in reaching the 
highest number of Calories per kilo body-weight, 86:13, thus more 
than doubling the number in the previous week. Owing to the | 
quantity of milk being increased the daily average of fluids taken © 
was 3920 c.c., exceeding the quantity in period A by 1400 c.c. 

In the above diet the quantity of nitrogen contained was extremely 
large, being 53°90 grammes; 32°65 grammes of this substance were 
eliminated in the urine and 2°47 grammes in the feces, so that 
18°88 grammes were retained in the body. The increase in the 
quantity of nitrogen ingested was 31°01 grammes, and as only 15°88 
grammes more were retained in this period it follows that 15°23 grammes 
—that is, nearly 50 per cent. of the increase—was immediately excreted, 
there being consequently an enormous waste of material in addition 
to the great strain thrown on the kidneys and digestive organs. 

The average quantity of urine passed per diem was 2503 c.c., almost — 


one litre more than that eliminated in period A, and the increase 


was nearly proportional to the quantity of fluids taken. The average 
specific gravity remained practically the same, being 1016 as compared 
with 1017 in period A. 


Taste 23. The daily excretion of nitrogen and nitrogenous substances 


in the urine in Case III. on diet B. 

Date Nitrogen Urea Uric acid Ammonia 
11—12 32°77 60°47 0-56 0°58 
12—13 32°53 62°47 0°80 0°69 
13—14 57-26 0-60 
Average 3265 60-06 0°65 0-63 


There was an increase in ‘the daily average excretion of total 
nitrogen in the urine, from 18°58 grammes to 32°65 grammes’, and 


1 The mean of two days’ estimation. 
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the proportion of this substance eliminated in the form of urea also 
increased from 83°34 per cent. to 87°87 per cent. The proportion 
eliminated in the form of uric acid was 0°70 per cent., and that in 
the form of ammonia 1°60 per cent. There was a diminution in the 
proportion eliminated in the form of nitrogen rest, 10°23 per cent. 
being found as compared with 12°72 per cent. in the previous period. 
The average daily quantity of urea excreted was extremely high, 
being 60°06 grammes, that of uric acid was 0°65 grammes, and the 
average daily excretion of ammonia was also high, 0°63 grammes’. 


TaBLe 24, The daily excretion of the inorganic substances in the wrine 
im Case IIT. on diet B. 


Sulphates 
Date Phosphoric acid Chlorides Total § Alkaline Aromatic Ratio 
3°81 777 5-18 491 027 177 :1 
12—13 3°74 11-23 1 5-03 0-28 17°9:1 
13—14 4:21 8°15 5-18 4:92 0°26 189 :1 
Average 3-92 9-05 5-22 4:95 027 


It will be seen from the foregoing Table that there was a marked 
increase in the daily excretion of phosphoric acid, the average quantity 
rising from 2°58 grammes to 3°92 grammes. 

The effect, on the chlorides, of largely increasing the diet is well 
shown in this period, as the average per diem increased to 905 
as compared with 3°50 grammes in period A. The average excretion 
of total sulphates in the urine also doubled in number during this 
week, 5°22 grammes being eliminated per diem as against 2°68 grammes 
in period A; so that the proteid metabolism was extremely active. Of 
this quantity 495 grammes were eliminated in the form of alkaline 
sulphates and 0°27 grammes in that of the aromatic group; the. ratio 
of the former to the latter increased to 181 : 1, so that there was 
, consequently no apparent increase in the amount of intestinal — 
faction previous to the termination of the experiment. 


TaBLe 25. The daily exeretion of nitrogen and fats in 
Case ITT. on diet B. 


Date Quantity Water, Nitrogen Fats 
11—12 150 68-11 1°77 15-49 
12—13 149 63°69 2°00 17-52 
13—14 288 65°66 3°65 30-03 

Average — 196 65°82 2°47 21-01 


1 The average of two days’ estimation only. 
PH. XXVIII. 18 
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It will be seen from the above Table that the excretion of nitrogen 
in the feces rose steadily throughout the three days on which analyses 
were carried out, the daily average being 2°47 grammes as against 
1:31 grammes in the previous period. The excretion of fats ‘will be 
seen to be extremely high on the first two days, and it almost doubled 
on the third day, when the large quantity of 30°03 grammes was 
passed. The daily average excretion was 21°01 grammes, that is, 
nearly five times as much as it was in period A. 


Tapie 26. The daily diet and percentage of nitrogen and fats absorbed 
in Cams on dit B 


11—12 53°90 289°15 96°71 94°64 
12—13 53-90 289-15 96°29 93°94 
13—14_ 53°90 289°15 93°23. 88°92 
Average 53°90 289°15 95°42. 92-50 


With the great increase in the quantity of nitrogen taken in the 
food, the absorption rose to 95°42 per cent. The enormous quantity 
of fats excreted in the fieces caused a diminution in the percentage 
absorbed, despite the greatly increased quantity of this substance given 
in the food, and the average rate of absorption was only 92°50 per cent. 


_ in period A, as compared with 95°44 per cent. 


On the first day of analysis of this period the individual weighed 
68°65 kilos and on the last day 68°85 kilos, so that there was a gain 
of 2°80 kilos during the six days since the completion of period A. 
The average weight of the three days during which analyses were — 
carried out was 68°98 kilos, there being therefore an increase of 2°78 
kilos over the corresponding average of period A. 

During this period the individual complained of total loss of 
appetite, great feelings of weight in the epigastrium and distension — 
of the abdomen; his sleep was considerably disturbed and there was — 
also a good deal of dyspnoea on exertion, so that he was unable to 
walk more’ than about two miles per hour on the sixth day. Exercise 
also caused well-marked pain in the hepatic region. On the last day 
of analysis diarrheea set in, accompanied by pain and the passing 
of mucus, and a mild attack of mucous colitis developed which lasted 
some days; the normal condition of health was not regained for more 
than three weeks, although the extra weight was lost within the week. 


a 
‘ 
i 
x 
4 
a 
2 
a 
ig 
5 
as 
a 
4 
34 
a5 
a 
a 
a 
€ 
is 
2 
4 
| 
4 


‘ METABOLISM AND DIET. 275 


CONCLUSIONS. 


From a consideration of the details of the cases just, quoted, the 
following conclusions appear to be justified :-— 

(1) The lasting bad effects of an excessive diet on normal 
individuals. 

(2) The very small quantity of nitrogen retained except when 
extreme forced feeding is employed. 

(3) The increased quantity of urine passed and very high specific 
gravity, more or less proportional to the increased intake of fluids, this 
being contrary to what has been observed in pathological conditions. 

(4) The marked increase in the quantity of total nitrogen in the 
urine on forced feeding, the proportion of this substance passed as urea 
remaining normal all through, and there being no marked difference 
in the proportion of uric acid and ammonia, although there was a 
_ slight tendency to increase in the quantity of nitrogen rest on forced 
feeding. 

(5) The marked increase in the inorganic constituents of the urine 
analysed for during the period of forced feeding. 

(6) The fact that, contrary to what was to be expected, there was 
no marked increase in the total quantity of nitrogen in the feces on 
the forced feeding except in Case III, while, as a rule, there was an 
enormous increase in the total quantity of fats. 

(7) The temporary increase in the rate of absorption of nitrogen 

on forced feeding as against the tendency to diminution in the rate 
of absorption of fats during the same period. 

(8) The very rapid increase in weight during the period of 
forced feeding and the very striking rapidity with which this increase 
_ disappeared. 

(9) The marked deterioration in health caused sad forced feeding. 
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FURTHER RESEARCHES ON ANTIDROMIC NERVE- 
IMPULSES. By W. M. BAYLISS. (Twelve Figures in 
Text.) 


(From the Physiological Laboratory of University College, London.) 


THE present paper is to be regarded as a continuation of a previous 
one’, and will conveniently be divided into two main parts. In the 
first part it is proposed to deal with some additional observations on 
the vascular dilatation produced in the limbs on exciting the peripheral 
ends of certain posterior roots, and with experiments made with the 
object of detecting whether similar effects are to be found in other regions 
of the body. The second part will be devoted to the discussion of ex- 
perimental evidence with respect to the reflex production of antidromic 
impulses. I use the term “antidromic ” throughout in the sense defined 
in my previous article’. 


Part I. 
The vaso-dilators of the limbs. 


It is a matter of considerable interest whether there are any vaso- 
dilators in the nerves to the limbs in addition to the fibres in which 
antidromic impulses give rise to vascular dilatation. I have already 
described some experiments in which, after extirpation of the posterior 
root ganglia of the lumbo-sacral plexus, no evidence of the presence of 
undegenerated vaso-dilators in the sciatic nerve was to be obtained. 
In that connection also I referred to the difficulty of finding a method 
of electrical excitation which could be depended upon to excite vaso- 
- dilators where they lie side by side with vaso-constrictors. Since then 
I have made a number of experiments for the express purpose of 
discovering such a means, but without success. I have excited the 
peripheral end of the divided sciatic, in curarized and anzsthetized 

1 This Journal, xxvi. p.1738. 1901. 
Loc. cit. p. 194. 
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dogs and cats, with induction shocks of varying strength and rate per 
second, with the constant current, with the constant current made and 
broken at varying intervals, with the discharge of condensers of large 
and small capacity, charged to various potentials, and finally with break | 
induction shocks, the make shocks being cut out; the idea of the last 
method being that the nerve-fibres in question being afferent might 
be more excitable by electrical changes of as rapid as possible a time- 
course. None of these means, however, could be relied upon. By the 
use of weak induction shocks at the rate of 1 per sec. or 1 in 2 secs, a 
dilatation was sometimes obtained. Fortunately, however, mechanical 
excitation of the normal nerve is always followed by vascular dilatation. 
_ This must be, however, of a somewhat violent character, pinching or 
crimping; tapping, as by Heiderhain’s “tetanomotor,” or shaking, as’ 
by v. Uenkiill’s “ neurokinet,” are both usually ineffective, probably due 
to the way in which the nerve-fibres of the sciatic are protected by 
dense connective-tissue sheaths. It may be that the difficulty of 
exciting these vaso-dilators is in some way connected with the processes 
going on in the recently cut end of the nerve, and in fact, on one 
occasion, an excitation by induction shocks of 1 per sec. at first 
producing slight constriction of the limb, produced a considerable 
dilatation after the cut end of the nerve had been frozen by Ewald’s 
ether-spray apparatus. It is well known that section of the nerve 
excites the vaso-dilators, and the idea suggests itself that they are 
already in a state of maximal excitation when the electrical stimulus is 
applied ; this cannot be the whole cause, however, since a fresh section 
produces a dilatation when an electrical stimulus is ineffective. I do 
not think, moreover, that the demarcation current is responsible for 
the result, since, when an electrical stimulus is ineffective, it matters 
not in what direction it is sent through the nerve. No doubt the 
chief difficulty lies in the much greater excitability of the vaso- 
constrictor fibres towards nearly all forms of excitation. 
Notwithstanding the disappointing nature of the above experiments, 
I thought it worth while to repeat the extirpation of the posterior 
root ganglia, and have done so in two dogs. In the first of these . 
experiments the posterior root ganglia of the 4th, 5th, 6th and 7th 
lumbar and of the Ist and 2nd sacral nerves were extirpated and the 
result investigated on the eleventh day subsequently. The cutting of 
the sciatic on the side of the lesion had no effect on the volume of the 
limb, whereas on the sound side the usual dilatation was observed ; 
both limbs being in plethysmographs the effect was seen on the tracing. 
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Induction shocks at the rate of 1 in 2 secs. caused slight constriction 
on both sides. After freezing the cut ends of the nerves the same 
excitation still caused slight constriction on the degenerated side, but 
marked dilatation on the sound side. It was also obvious that the 
sound limb was both redder and warmer than that of the side of the 
lesion after section of the two sciatics. Finally, on pinching the nerves 
a very large dilatation was obtained on the sound side, while on the © 
side of the lesion no dilatation was produced, but on the contrary a | 
slight constriction. In the second experiment the posterior root ganglia 
of the same nerves were excised, and also, in order to more easily detect 
vaso-dilators where present, both sciatic nerves were cut on the seventh 
day afterwards, and the observations made on the tenth day, that is 
three days after the section of the sciatics. On the occasion when the 
sciatics were cut it was noticed that the one on the side of the lesion — 
was obviously smaller than the other, and also that. the tendon-reflex — 
and other reflexes from the leg of the sound side were markedly 
increased. For the final experiment both limbs were placed in plethys- 
mographs as usual and the sciatic nerves excited; rhythmic induction 
shocks gave no effect on either side, nor did battery currents made and 
broken and reversed between each make. Tetanizing induction shocks 
gave no effect on side of lesion of roots, slight constriction on sound — 
side. Both crimping and pinching gave dilatation on sound side, slight 
constriction on side of extirpated ganglia. It appears, then, that the 
vaso-constrictor fibres had not completely degenerated. I was afraid, 
however, to leave the animal longer lest the dilators on the sound side 
should also degenerate; and in fact they had already done so to some 
extent, as shown by the less degree of dilatation that could be obtained 
on this side, as compared with the normal animal, or with that of the 
first experiment above. 

The conclusion to be drawn from these experiments, then, is con- 
firmatory of that stated in my previous paper, viz. that there are no 
other vaso-dilator fibres in the sciatic nerve se those of the posterior 
roots. 

At this point I may refer to certain results of Morat’ with respect 
to the “ trophic centres” of these posterior root dilators. He finds that, 
after section of the roots between the ganglia and cord, degeneration 
does take place, but that it is very slow and very irregular in the date 
of its occurrence; it may be complete in twenty-five days, or, on the 


1 Comptes rendus, 8 mai. 1897. 
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other hand, not have occurred on the sixty-fourth day. In confirmation 
of this Morat and Bonne’ describe in the case of roots cut at various 
periods from 10 to 106 days before their fixation in, osmic acid, that 
there are to be found in the spinal stump a small number of normal 
fibres, and in the peripheral stump a small number of degenerated 
fibres. In respect to this last result, I have only to remark that it is 
in complete contradiction to the well-known work of Sherrington, 
and, as to the slow degeneration, I can only account for it by the 
possibility either that some pathological process had spread from the 
injured place on the nerve-root and implicated the cells in the ganglion, 
or that the latter may ultimately undergo some process of dystrophy 
when one of their processes is cut off. In any case it is a most unusual 
form of nerve-degeneration after section; and is, moreover, in direct 
disagreement with the results that I have invariably found to follow 
extirpation of the posterior root ganglia; in this case, as the two 
experiments described above show clearly, the fibres in question do 
completely degenerate within 10 or 11 days; whereas, on the contrary, 
as a considerable number of experiments described in my previous 
paper show, they do not degenerate within this period if the roots 
are merely divided between the ganglia and the cord. I repeat, my 
experiments show that their “trophic centres” are in the posterior root 
ganglia. 

Although, then, there is no evidence of the existence of dilators to 
the hind-limb elsewhere than in the posterior roots; moreover, anterior 
roots of the lumbar region were shown in my previous paper to 
contain none, and at the same time the unsatisfactory nature of the 
experiments supposed to show their presence in the abdominal sympa- 
thetic was pointed out, I yet deemed it advisable to make a few direct 
experiments on excitation of the abdominal sympathetic. I may say 
at once that by no form of excitation whatever, whether electrical or 
mechanical, could I obtain the least trace of dilatation of the leg. In 
one experiment I had divided the abdominal sympathetic between the 
3rd and 4th lumbar ganglia 4 days previously, in order to allow the 
preganglionic constrictor fibres to degenerate. No vaso-dilator effects 
could be obtained even in this case, the vaso-constrictors, however, were . 
not completely degenerated, since strong tetanizing induction shocks 
still caused diminution of volume of the leg, but perhaps the excitation 


current escaped to the postganglionic fibres. 


1 Comptes rendus, 12 juillet. 1897. 
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The intestine. 

Notwithstanding the fact that the “ gastric crises” of tabes, in which 
considerable vascular dilatation is known to occur in the abdominal 
viscera, distinctly point to the presence of antidromic vaso-dilator 
impulses down the posterior roots of the splanchnic nerves, the experi- 
mental evidence I am able to bring forward is not of a very satisfactory 
nature. | 

These experiments were performed on dogs anesthetized with 
morphia and A.C.E. mixtures and subsequently curarized. The lower 
thoracic and upper lumbar nerve-roots were prepared as described in my 
previous paper. The portion of intestine used, consisting of the greater 
part of the jejunum and upper part of the ileum, was placed in an 
Edmunds’ oncometer, and tracings taken on the slowly moving smoked 
paper of Palmer’s kymograph. 3 

Two chief difficulties were met with at the outset, the first being 
the spontaneous constitutions and dilatations of the intestinal vessels, — 


Fig. 1. Spontaneous rhythmic changes of volume of intestine. Upper curve—volume of 


intestine. Lower curve—blood-pressure, zero being 22 mm. below time-marker. 
Time in 10” intervals. 


sometimes rhythmic as in Fig. 1 and at other times irregular. These 
changes are, as the figure shows, quite independent of the blood- 
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pressure’. I do not think that they have been sufficiently guarded against 
in previous work on intestinal vaso-dilator nerves. Various observers 
have described vaso-dilator effects obtained from the peripheral ends 
of splanchnic nerves, or from thoracic nerve-roots, the chief being 
Bradford’, Francois-Franck and Hallion’, Biedl*‘, and Bunch®. All 
of the curves given by these observers were taken on a surface moving 
much more rapidly than that used by me, and under these circum- 
stances it is impossible to keep a continuous record on account of the 
length of paper required, so that the tracing is stopped after each 
excitation and commenced again not very long before the next. 
Slow spontaneous changes would not therefore be detected. In my 
experiments I found it necessary to keep the paper moving con- 
tinuously, which was only rendered possible by the slow rate employed. 
Another source of fallacy in the experiments of my predecessors is the 
passive effect of a rise of blood-pressure, and a small rise is capable 
of producing considerable dilatation of the intestinal vessels, The curve 
which is apparently the most convincing is that given by Bunch on 
-p. 86 of his paper in which the arterial pressure is prevented from 
rising by the use of a mercury valve. But I would call to mind that 


as I have used this artifice* I do not claim that it prevents any rise 


of blood-pressure in vessels at a distance from the point where the 
valve is connected, in fact when connected with the carotid artery 
it is unlikely that it would completely prevent rise in the intestinal 
arterial pressure on excitation of the splanchnic nerve. It is only 
useful as a means of preventing so great @ rise of arterial pressure 
in reflexes that the effect of a slight local constriction is overpowered 
and so may give rise to the erroneous view of a vascular dilatation 
in that part. It must not be used as a certain means of preventing 
rise of arterial pressure universally in the absence of any proof 
that it does so. Biedl, on p, 461 of the paper referred to, gives an 
experiment in which, four days after degenerative section of both 


1 It is perhaps necessary to remark that care was always taken that no gas was 
contained in the intestinal cavity, since in that case peristaltic or other contractions of 


the muscular coats would compress the gas and so cause diminution of volume having no 


2 This Journal, x, p. 882. Curve Fig. 9. 

8 Archives de Physiologie, 1896, p. 497. No 
‘ Pfliiger’s Archiv, uxvm. p. 461. 1897. 

5 This Journal, xxv. pp. 85, 86. 1899. 


Suppit. p. 14. 1899. 
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_ splanchnics, undoubted vascular dilatation was obtained in the supra- 


renal body, in the absence of any rise of arterial pressure. » 

However, bearing in mind the ‘results of my experiments on ‘the 
sciatic nerve, it is not surprising that so little evidence of vaso-dilators 
in the splanchnic nerve is forthcoming, when the trunk which contains 
so many vaso-constrictor fibres is excited. 

In my attempts to excite the posterior roots separated from the 
anterior roots I was met by considerable difficulty in preventing | 
excitation escaping to the latter. It will be remembered that it was 
especially the 12th and 13th thoracic that Bradford found most 
effective in producing vascular dilatation in the kidney, and the 
posterior roots of these nerves, as are indeed those of all the thoracic 
nerves, are very short and fragile. I obtained positive results in three 
experiments out of ten, and in several others there was obvious 
dilatation of the intestinal vessels on excitation of the 12th and 13th 
thoracic posterior roots, but owing to the spontaneous changes in the 


Fig. 2. Effect of exciting posterior root of 18tH thoracic on volume of small intestine 
Explanation as Fig. 1. Three stimulations of different duration. At X air let out of 
piston-recorder. Blood-pressure zero—33 mm. below excitation-marker.. 
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intestine in these cases, it was impossible to be quite certain that 
the effects were the result of the excitation. | 

Fig. 2 is the effect of excitation of the peripheral end of the 13th 
thoracic posterior root. It will be seen that there was some escape 
of the exciting current to anterior roots as shown by the constriction 
in intestine and rise of blood-pressure, but the tracing shows, I think, | 
that the vaso-dilator effect was due to excitation of the posterior 
root, since the dilator effect in the three cases shown has no 
relation to the preliminary constriction, and in the last case, when 
it is largest, the constriction is the least. That the: constriction is not 


Figs, 3 and 5. Fig. 4. 


Fig. 3. Excitation of 1st lumbar posterior root. Explanation as previous. figures. 

Fig. 4. Effect of exciting peripheral end of posterior root of 13th thoracic nerve on volume 
of intestine. Explanation as previous figures. At X air let out. Blood-pressure zero 
—53 mm. below line of excitation-marker. 

Fig. 5. Same as Fig. 4 with very weak excitation, 
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in any way the cause of the subsequent dilatation is shown by Fig. 3, 
which is a similar curve obtained from excitation of the Ist lumbar 
posterior root in the same animal. Here although the constriction is 
very considerable there is no dilatation following it. 

Fig. 4 is a tracing from another dog. Here the escape to anterior 


root is very slight, while the dilatation is great. In Fig. 5 the exciting 


current is very weak, in order to prevent any escape to anterior root- 
fibres, and there is seen an obvious increase in volume of the intestine, 
not preceded by any diminution. 

In looking over the protocols of my experiments I find that I 
unfortunately never tested the effect of mechanical excitation while 
the nerve-roots were fresh and in an excitable condition ; such excitation 

was always performed at the end of an experiment and no effect 
obtained. 

In one experiment, in order to allow the constrictor fibres to 


- degenerate, the anterior and posterior roots of the 11th, 12th, 13th 


thoracic, and Ist lumbar nerves were cut inside the dura mater four 
days before the experiment was performed. It was impossible to 
excite the posterior roots, so that the mixed roots outside the dura 
mater were used. No effect was obtained on the degenerated side, 
however, except by the use of very strong currents which caused a 
slight constriction. 

In order to estimate the value of the experiments described above, 
it is well to remember the difficulty met with in obtaining antidromic 
effects in the cat, and which I ascribed in my previous paper to the 
rapidity with which the delicate posterior roots lost their excitability. 
I am of the opinion that the same reason accounts for the failure of most 
of my experiments on the intestine. Since there are other grounds 
for belief in the presence of antidromic vascular dilatation in the case 
of the viscera, the experiments in which a positive result was obtained 
may, I think, justifiably be regarded as —aet of the pathological 
evidence, 

It may, indeed, at first sight seem strange that the posterior root- 
fibres should so quickly lose their excitability in one direction, i.e. the 
antidromic direction, while there is no difficulty in obtaining reflexes 
from the central ends of what are, presumably, the same fibres. The 
reason for -this is, probably, that, to provoke the peripheral effects 
necessary to show the presence of antidromic impulses, powerful waves 


_ of excitation must reach the peripheral end organs. It is quite likely 


that a nerve-fibre which has lost the greater part of its excitability, 
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by exposure, cooling, anzmia and so forth, may yet convey sufficiently 
strong impulses to affect the sensitive terminations in the central 
nervous system, but may be unable to convey the relatively powerful 
impulses necessary to excite the peripheral mechanism, whatever may 


be its nature, concerned in the production of antidromic vaso-dilatation. 


The supposed vaso-dilator fibres of the vagus nerve. 


It is stated by Francois-Franch and Hallion‘ that vascular 
dilatation in the intestine can be obtained by exciting the peripheral 
ends of the vagus nerve in the dog. I thought it worth while to test 
this result, especially as the curves given by these authors are not 
convincing. It will suffice to state that I have been totally unable to 
obtain any trace of such effect, neither in the atropinized dog, nor 
reflexly in the rabbit by excitation of the central end of the depressor, 
after section of the spinal cord in the upper thoracic region, the 
vagi of course being intact. The positive results obtained by previous 
observers are, no doubt, to be accounted for either by the accidental 
occurrence of a spontaneous dilatation at the same time as the vagus 
was excited, or by the disregard of passive effects due to slight rise of 
blood-pressure. 


Nervi erigentes. 


Although Gaskell* has found that the vaso-dilator fibres of these 


nerves run in the anterior roots, I thought it of interest to see whether 

this result would be confirmed by the same method that I have used 

6 _ throughout the present research. Accordingly the penis was placed in 

ee a plethysmograph by Francois-Franck’s method, ie. by tying the 

prepuce around the wide end of the glass tube. I obtained no effect 

from any of the lower lumbar or upper sacral posterior roots, but a 

marked increase of volume from the anterior roots of the 2nd and 3rd 

sacral nerves. The vascular dilatation produced by the nervi erigentes 

is therefore not of an antidromic nature, and Gaskell’s results are 
confirmed by the plethysmographic method. 


1 Loe, cit. 
2 Proc. Physiolog. Soc. Jan. 17, 1887. This Journal, vim. 
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Parr II. 


THE REFLEX PRODUCTION OF ANTIDROMIC EFFECTS. 


There are two ways in which reflex vascular dilatation can be 
produced. The tonic excitation of vaso-constrictor fibres may be in- 
hibited in the vaso-motor centre; or vaso-dilator fibres may be excited 
at their origins in the central nervous system. In order to detect 
which of these alternatives occur in any particular reflex it is necessary 
to be able to cut off either at will. This is only possible where the 
vaso-constrictor and vaso-dilator fibres have a separate anatomical 
course. This is, fortunately for our present purpose, the case with 
the vaso-motor nerves of the limbs. As regards the hind-limb, we 
know that the vaso-constrictor fibres leave the cord by the white rami 
of the lower thoracic and upper two lumbar nerves, and take their 
course in the abdominal sympathetic chain, while the only vaso-dilator 
fibres are those of the posterior roots of the lumbo-sacral plexus and 
which pass directly into the made-up limb nerves, without any con- 
nection with the sympathetic chain. If, therefore, we prevent any 


- possibility of alteration of tone of vaso-constrictors, by extirpating the 


abdominal sympathetic, it is obvious that any reflex vascular dilatation 
obtained in the hind-limb subsequently must be due to an excitation 
of vaso-dilator fibres, and since there are none but those of the posterior 
roots, antidromic impulses must pass down these. 

Before I proceed to describe the experiments in which this method 
was made use of, I should like to refer to the experiment of Luchsinger 
mentioned in my previous paper’. This experiment I have repeated 
and can confirm the statement made by Luchsinger. A kitten was 
taken*, anwsthetized with A.c.E. and the sciatic nerve on one side 
divided ; by this means the maximum of dilatation capable of being 
produced by inhibition of constrictor tone was obtained, and probably 
exceeded, since section in this manner always causes a certain amount 
of traumatic excitation of vaso-dilators, as shown by Goltz. The 
kitten was placed at once in an incubator, with glass sides, previously 
warmed to 40°C. In the course of a few minutes, and before the 
animal had recovered from the anesthetic, the toe-pads of the intact 


1 Loe. cit. p. 202. 
2 The reason for taking a young animal is that the toe-pads are not so deeply 
pigmented as in the adult, and therefore changes in their colour more easily seen. 
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side became markedly redder than those of the side on which the 


sciatic was cut', although when the animal was first put in the 
incubator they were considerably paler. I can see no explanation of 
this fact except that there was reflex excitation of the vaso-dilators 
in response to the warm atmosphere; if there had merely been in- 
hibition of previous tone of constrictors the redness could not have 
become greater than that produced by section of the sciatic, which is, 
I need hardly point out, equivalent to total inhibition. I may call 
attention to the fact that the result described was noticed before 


‘recovery from the anzsthetic, and while the kitten was lying quite 


still; otherwise, if there had been muscular contractions, it might have 
been thought that these were the cause of the greater vascularity on 
the intact side, since they would naturally be absent on the side of 
the cut sciatic. 

I pass on now to the experiments in which the abdominal sym- 
pathetic was extirpated and vaso-dilator reflexes on the hind-limb 
observed. These experiments were of considerable difficulty and 
complexity owing to the necessity of excluding various sources of 
fallacy, which will become manifest in the description following. The 
most conclusive form of the experiment would have been to obtain 
the vaso-dilatation on both sides, then to divide the posterior roots 
on one side, and find no effect on this side while still present on the 


normal side; this I was unable to do, except to a certain degree in 


one case, owing, as I found later, to the fact that the prolonged and 
severe operative procedures caused the nerve-roots on both sides, both 
anterior and posterior, to )ecome inexcitable, before it was possible to 
get the second limb in the plethysmograph.. But, since it was my aim, 
if possible, to obtain this crucial result, most of the experiments were 
made on dogs, my previous experience having taught me that it was 
not of much use to attempt it on cats or rabbits. The disadvantage 
of using dogs, however, is that there is no means in them of obtaining 
invariably a depressor or vaso-dilator reflex. As is well-known the 
usual effect of exciting the central end of the vagus is a rise of 
blood-pressure caused by general vascular constriction, and, although a 
depressor effect is frequently obtained, it is associated almost invariably 
with an enfeebled state of the animal, due to prolonged or excessive 
operative procedures. I need hardly point out that even if a dilatation of © 


1 I took the opportunity of showing the animal to Prof. Starling and Dr Osborne, 
and they were easily able to point out which paw was the redder, although they were 
unaware on which side the sciatic had been cut. 
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the limb were observed, along with a rise of blood-pressure, it would not be 
of any value as evidence in the present case, since it might be of passive 
origin. Another means of obtaining reflex vaso-dilatation in the limb 
is by making use of the local reflex first described by Lovén; excitation 
of the central end of the anterior crural nerve produces, under favourable 
conditions, but by no means invariably, a dilatation in the limb of the 
same side, along with a constriction of the opposite limb, the latter of 
course only being seen when the sympathetic is intact on that side. 
The afferent fibres concerned in this reflex being situated in the posterior 
roots of the lumbo-sacral plexus, it is plain that any control by section 
of the posterior roots is excluded in this case. 

Another source of difficulty is the local reaction of the blood vessels 
to fall of internal pressure’, If we take a dog, under A.C.E£. and curare, 
extirpate the abdominal sympathetics on both sides down to the second 
sacral ganglia inclusive’, place one of the hind-limbs in a plethysmograph 
and excite the central end of the vagus, what is ‘usually seen is this: 
assuming that we have a depressor reflex, the volume of the limb 
diminishes with the fall of blood-pressure, but on return of the latter 
to normal, the limb undergoes a considerable expansion beyond its - 
original size. Now, this after-dilatation may be the effect of an 
excitation of vaso-dilator fibres which had been masked by the fall 
of blood-pressure, and I think is so in some cases, but it is not 
necessarily so, as can be seen by the first figure of the paper just _ 
referred to, where it is still present after section of the leg-nerves, 
‘and is due to the local reaction of the blood vessels themselves. It 
will perhaps suggest itself that this source of fallacy may be excluded 
by dividing the cord in the upper lumbar region or-the lumbo-sacral 
. posterior roots, when, if the after-dilatation produced by excitation of 
the central end of the vagus is no longer present, it may be looked 
upon as having been a genuine excitation of vaso-dilator fibres which 
are now cut off from the vaso-motor centre. Although I have in 
several cases found this to be the case, I do not regard it as in any way 
conclusive, since I have noticed that the local reaction is not always 
present, and it may conceivably have failed to make its appearance in 
these particular experiments after section of the cord. Ip other cases 
the dilatation in question has been still present after section of the 
cord, and these experiments were naturally rejected. 


1 Bayliss. This Journal, xxv. p. 220. 1902. | 
2 It is necessary to do this on both sides, since, as Langley has pointed out, there is 
sometimes a crossing of vaso-constrictors in the upper sacral ganglia. 
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To abolish as far as possible the fall of blood-pressure produced by 
depressor’ excitation, which is, as is well known, chiefly caused by 
dilatation of abdominal vessels, I have been obliged to resort to the 
expedient of extirpating the abdominal viscera. This operation can be 
performed without much difficulty by tying, first the arteries supplying 
the intestines, beginning with the inferior mesenteric, and then the 


_ portal vein along with the other structures in the portal fissure; the 


stomach can be removed by first tying a stout ligature around the 
cesophagus a short distance above the cardiac orifice; sometimes 
the kidneys were also removed, but it did not seem to make any 
difference whether the kidneys were removed or not. If care be taken 
to expel the blood from the intestines by pressure before tying the 
portal vein, the blood-pressure is very little reduced by this severe 
operation and may even be greater than before; in most of my 
experiments however, by the time all the operative procedures were 
completed, it had fallen considerably, and this fact together with the 
cooling of the animal is no doubt the cause of the ee of 
the nerve-roots met with in several cases. 

By adopting this method then it is possible to greatly reduce 
the fall of blood-pressure produced by depressor excitation. But not 
entirely, as is shown by Fig. 6. The fact that there is frequently — 
a considerable vascular dilatation after extirpation of the abdominal 
viscera points to the limbs as taking part in this reflex, the head and 
neck are excluded by the section of the vago-sympathetics on both 
sides, and the liver being of course out of the circulation by tying the 
hepatic artery and portal vein, the only parts left are the limbs, skin 
and muscle of the trunk, and the thoracic viscera, there is moreover 
no evidence that the thoracic viscera take part in delator reflexes, so 
that the greater part of the effect must be due to the limbs, and 
therefore, since the abdominal sympathetics are extirpated, in the case 
of the hind-limbs to antidromic impulses alone. 

To return to Fig. 6, it will be seen that there is here no appreciable 
diminution of volume when the central end of the vagus is excited, 


the lowest point reached by the lever being in continuation of the 


gradual fall in the line traced before excitation, as indicated by the 
dotted line marked on the tracing. This absence of passive fall is no 
doubt due to the fact that there is really vascular dilatation present, 
although it is not sufficient to produce an actual increase of volume until 


1 T use the word for convenience in the case of the dog to express the result of exciting 
the central end of the vagus when reflex vascular dilatation is produced. _ 
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the blood-pressure has returned to its previous height and the dilatation 
has no longer to overcome the effect of the fall of general blood-pressure ; : 
at this return of the blood-pressure there is a marked rise of the lever. 
The slight expansion shown in the curve at the commencement of excita- 


tion is passive, since there is a corresponding rise on the blood-pressure 
- @urve. Owing to the absence of actual diminution of volume of the 


limb in this instance, the explanation of the dilatation by local reaction — 
is inadmissible, this local reaction never showing itself until after a 
passive effect of a considerable degree, which takes place during the 
latent period of the reaction; and indeed in none of my experiments 


Fig. 6. Fig. 7. 
Fig. 6. Effect of depressor excitation on limb ie extirpation of abdominal sympathetics. 


Upper curve—blood-pressure, its zero being 7 mm. below line of excitation-marker. 
Lower curve—volume of limb. 


Fig. 7. Same as Fig. 6. Upper curve—volume of limb. 
zero being 28 mm. below excitation-marker. 


on the reaction to diminished pressure has the dilsdasion been sufficient 
to counteract the effect of the fall of blood-pressure as long as this 
lasted, but showed itself by an increase of volume when the blood- 
pressure returned to its former level. The dilatation in Fig. 6 moreover 
was completely abolished by section of the cord at the level of the 
second lumbar nerve, although the fall of blood-pressure on excitation 
of the central end of the vagus was very little diminished. : 

7 e is another example of a similar experiment. There is here 
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a small passive fall of the liver at first, but the subsequent dilatation, 
which comes on before the end of the excitation, is much too great 
to be accounted for by a local reaction. Another curve obtained after 
this one had no preliminary fall, but was unfortunately spoilt by the 
accidental stopping of the kymograph. 

Fig. 8 is of interest from the fact that excitations of the central end 
of the vagus previous to that reproduced had given a rise of blood- 
pressure, with no effect on the volume of the limb;.a larger dose of 
A.C.E, was then given, and a depressor effect obtaitied ‘as-shown in the 
figure, accompanied by an expansion of the limb, which expansion was 
not present after section of the cord. 

In two experiments in which the blood-pressure was very low and 
vagus excitation gave a pressor effect only a small dose of strychnine 
was injected into the external jugular vein, the result of which was 
a permanent increase of blood-pressure. When now the central end 
of the vagus was excited a depressor effect. was obtained, together with 


Fig. 8. | Fig. 9. 


Fig. 8. Same as Fig. 6. Upper curve—blood-pressure, zero being level of excitaticn- 
marker. Lower curve—volume of limb. 

Fig. 9. Lovén reflex on hind-limb of dog. Sympathetics extirpated. Upper curve— 
blood-pressure, zero being level of excitation-marker. Lower curve—volume of 
limb, 
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vaso-dilatation in the limb. I have not thought it worth while to 
publish examples of these curves, since the objection may be made 
that by strychnine the nerve channels in the centres are rendered 
more permeable and therefore excitations may pass in directions from 
which normally they are excluded. 

When investigating the Lovén reflex from the central end of the 
anterior crural nerve, it was also necessary to extirpate the abdominal 
viscera, because of the large tise of blood-pressure otherwise produced. 


_ This would make any conclusions as to vascular dilatation drawn from 
increase of volume of the limb of no value, although of course the rise 


of blood-pressure under normal conditions aids in the desired object 
of the reflex in increasing the blood-supply to the limb. After this 
operation, unfortunately, I have found it more than usually difficult 
to obtain the reflex, and have only two experiments in which a marked 
effect was obtained, The reason for this seems to be that these local 
reflexes are of spinal origin, and the spinal cord, especially in its more 
posterior regions, is more readily exposed to damage from ansmia in 
the experiments in question than the centres in the medulla are. 
Fig. 9 is a good example of a successful experiment. The abdominal 


_ sympathetics were extirpated as usual, as were also the abdominal 


viscera. On excitation of the central end of the anterior crural nerve 
it will be seen that there was practically no effect on the blood-pressure, 
while a considerable and rapid vascular dilatation took place in the 


‘ limb. The greatest care was taken to avoid any muscular contractions, 


either reflex or direct, the animal being fully curarized and the limb 
observed closely during the excitation; moreover, this source of error 
is excluded by the fact that there was a distinct latent period before 


_ the dilatation commenced, although owing to the slow rate of movement 


of the paper it is not very obvious on the tracing. 
As a final example I give Fig. 10. This is from one of the few 
experiments performed on the rabbit, The abdominal viscera were © 


removed, and the abdominal sympathetics extirpated. Excitation of 


the depressor nerve produced no effect on the blood-pressure, but a 
marked dilatation of the limb, which is, indeed, as large as usually 
obtained by depressor excitation in the intact animal. There can be 
no question here of a local reaction due to fall of blood-pressure, and — 
indeed, so far as I can see, there is only one possible explanation of 
the dilatation in this and the previous curves, viz. that it is a genuine 
vaso-dilator reflex of an antidromic nature, however difficult it may be 
to understand how nerve impulses are conveyed in the central nervous 
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system from one sensory or posterior root fibre to another similar 
fibre. 
There is, perhaps, one possibility that needs a little consideration. 
When the viscera are intact we know that depressor excitation produces 
- @ large vascular dilatation in them and it might naturally be supposed 
that a rise of pressure in the inferior vena cava would result, which 
in its turn would cause a rise in the femoral vein and a consequent 
swelling of the limb. I do not see any means, however, which would 


Fig. 10, Fig. 11. 

Fig. 10. Effect of depressor excitation on hind-limb of eviscerated rabbit. Upper curve— 
blood-pressure, zero being level of excitation-marker. Lower curve—volume of limb. 
Fig. 11. Effect on vena cava pressure of excitation of the depressor in the rabbit. Upper 
curve—pressure in central end of renal vein. Lower curve—arterial pressure; zero 

20 mm. below line of excitation-marker. Time in 5” intervals. | 


produce a rise of venous pressure when the viscera are extirpated, 
except that due to dilatation in the limbs themselves, which is the 


question to be proved, But, apart from this, depressor excitation only - - = 


very rarely produces a rise in vena cava pressure, and then it is very 
slight. In by far the greater number of cases and as far as my 
experiments go, invariably in the cat and dog, a fall is produced. 
Figs. 11. and 12 are instances of this. The venous pressure was traced 
by connecting a cannula in the vein with a small Marey’s tambour, the 
tambour and connecting tube being filled with half-saturated sodium 
sulphate solution, thus making a sensitive form of Hiirthle manometer, 
suitable for low pressures; the sensitiveness was found by comparison 
with a water manometer to be slightly less than that of the latter, so 
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that the effects seen in the curves are not great. In Fig. 11 we see a 
very transitory and slight rise of pressure at the beginning, but which 
quickly gives place to a fall which continues throughout the excita- 
tion. Fig. 12 is from the cat and is of interest from the cessation of 


the large waves'on the venous pressure tracing during, and for some ~ 


time after, the excitation; the mean pressure at the same time falling. 
I do not know what was the cause of the stopping of the pulsations 


Fig. 12. Effect of excitation of central end of 

_ agus on vena cava pressure in cat. Upper 
curve—arterial pressure, zero being 15 mm. 
below excitation-marker. Lower curve— 
pressure in central end of éxternal iliac 
vein. The mark of excitation should be 
moved somewhat to the right, as indicated 
by the fall of arterial _es Time in 
10” intervals. 


in the vein; since both vagi were cut and the animal was curarized 
it was not des to arrest of auricular contractions and no effect on the 


heart could be detected in a subsequent excitation after exposure of 


that organ. It seems to me that this fall of venous pressure coincident 
with a fall in arterial pressure’ can only be explained on the theory 
of the Leipzig school, that changes of total capacity of the vascular 
system have considerable influence on the mean blood-pressure. In 
this particular case, the increase in capacity of the arterial system is 


sufficiently great to drain away blood from the veins to an extent : 
greater than can be compensated by the increased inflow ~_— ee. ee 


capillaries. 

The general conclusion to be drawn from the experiments of this 
second part of my paper is, I think, that in some cases, if not in all, 
of reflex vascular dilatation of the limbs there is a production of anti- 
dromic nerve-impulses in the posterior root fibres. —~ 

The total number of experiments made was 20, and in 14 of these 


1 In asphyxia I have observed the corresponding effect of a rise of venous with a rise 
of arterial pressure ; and I may also refer to curves published in a paper by Prof. Starling 
and myself, this Journal, xvt. p. 159. 1894. , 
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positive results were obtained. In several of the negative experiments 
the excitability of the posterior roots was tested by the direct application 
of the electrodes to them and was found to be absent ; I think, therefore, 
that the conclusion is justified that the absence of result in the remaining 
cases was due to the same cause. In confirmation of this may be 
mentioned the fact, that in some cases in which I had prepared the 
lumbar cord for the purpose of dividing the posterior roots, it was 
found that vascular dilatation in the limbs could only be obtained 
on the first two or three occasions of exciting the vagus, and that on 
now applying the electrodes to the roots directly no effect could. be 
obtained either from the anterior or posterior roots. 

To conclude this second part it may be advisable to briefly sum- 
marise the evidence we have with respect to the existence of antidromic 
impulses in normal reflexes : ; 

1. The presence of a mechanism capable of being excited in this 
way, although in itself no proof that it is ever made use of, is of some 
value as evidence. | 

2. The experiment of Luchsinger, on reflex vaso-dilatation in 
response to warming, which was confirmed by me, shows that there 
is, under these circumstances, an excitation of vaso-dilator fibres, in 
contradistinction to an inhibition of vaso-constrictor tone. Since there 
are no vaso-dilator fibres to the hind-limb but the posterior root fibres 
conveying antidromic impulses, these latter must have been produced. 

3. In rabbits, with the spinal cord cut at the level of the 2nd 
or 3rd lumbar vertebra, it was found impossible to obtain any effect 
on the limb by exciting the central end of the depressor nerve’; the 
abdominal sympathetic conveying the vaso-constrictor impulses being 
intact, if there had been inhibition of tonic impulses in these it would 
have shown itself as a dilatation of the limb. I would not lay much 
stress on these negative results, but taken in conjunction with the 
fact noted by me in my previous paper on the present subject’, that 
there is frequently no tone in the vaso-constrictor nerves of the limbs, 
deserves some -consideration and supports the view held by some 
observers *, that the effect of the depressor nerve is essentially produced 
_ by excitation of vaso-dilator nerves, rather than by inhibition of vaso- 
constrictor tone. 

4. As previously pointed out in this article, the fall of blood- 


" 1 Bayliss. This Journal, xrv. p. 821. 1893. 
2 Loe. cit, p. 202. 
3 Cf. Biedl. Loc, cit. 
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pressure produced by depressor excitation after extirpation of abdominal 
viscera, and abdominal sympathetic chains, together with section of 
cervical sympathetics', indicates a vascular dilatation in the limbs and. 
trunk of a considerable degree, which must as far as the hind-limbs 
are concerned be antidromic under these circumstances, ae 

5. The experiments or reflex vascular dilatation described in this 
section, in which, under the conditions just mentioned, depressor ex- 
citation, as well as that of the central end of the anterior crural nerve 
of the same side, produces vascular dilatation in the hind- limb, admit 
of no —- other than that given. 


‘SUPPLEMENTARY REMARKS ON THE NATURE OF PERIPHERAL 
EFFECTS FROM POSTERIOR ROOTS, 


Dr Mott informs me that he has found sympathetic ilies 
cells reaching along the grey rami, in the case of the lower thoracic 
nerves, as far as the ganglia of the posterior roots, and even lying 
on these ganglia, and the idea suggests itself whether these cells, if 
present in the lumbar roots, may not have something to do with the 
effects in question. I do not think they have, and for this reason: 


the axons of these cells, in as far as they reach the limb at all, pass. 


at once into the made-up nerves and are so distributed to their various 
destinations. It is impossible that pinching the end of one of the 
long posterior roots.of the lower lumbar or upper sacral nerves, two 
inches or more distant from the posterior root ganglion, could excite 
any structures present there except those in direct connection with 
the nerve-fibres pinched, and, so far as present knowledge goes, there 
are none such except the ordinary cells of the afferent fibres. 
Another suggestion has been made to me by Prof. Max v. Frey, 
viz., why should there not be special cells in the posterior root ganglia 
which subserve only efferent, vaso-lilator functions? If 1 rightly 
understand this hypothesis, there are two possibilities to be thought 
of, either these hypothetical cells are provided with two nerve- 
processes, one passing in the posterior root to end in the cord, and 
the other passing outwards to the made-up nerve, in which case they 
would be anatomically indistinguishable from the ordinary cells with 


1 In one of these experiments the blood-pressure fell from 68 mm. of mercury to 
42 mm., i.e, by 38°5°/, of the initial height. ; 
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_T junctions, and the hypothesis is equivalent to that of antidromic 
impulses. Or, in the alternative case, these cell-bodies have but one 
axon which passes downwards in the made-up nerve, and are themselves 
_ in connection with the spinal cord by means of the arborizations upon 
them of axons coming from cell-bodies in the cord. Now this last 
hypothesis is in contradiction to the results of experiment; if the 
posterior roots were cut between the ganglia and cord, these axons 
would “degenerate in the peripheral stump, and no vaso-dilator effects 
would be obtained by exciting at this place, but, as we know, the fibres 
which are responsible for the effects in question do not degenerate. 
Prof. v, Frey thinks that after degeneration of the vaso-constrictor 
nerves of a limb, the dilators may suffer an alteration of their function 
and in such a way that the cells in the posterior root ganglia to which 
they belong may become anatomically distinguishable. This is a very 
valuable suggestion and I regret that I have as yet not had opportunity 
to test it experimentally. 

There seems then, up to the present, no other hypothesis more 
satisfactory than that favoured by me in my previous paper, viz. that 
the peripheral end-organs of certain afferent posterior root fibres may 
serve as efferent end-organs for the muscular coat of the vessels, their 
effect being of a relaxing or inhibitory nature on the tone of this coat. 

The modified form of this hypothesis suggested by the results of 
_W. M. Fletcher on the retractor penis of the hedgehog’ and mentioned 
by me in a footnote on p. 196° of my previous paper is rendered 
unintelligible there by the accidental omission of the word “and” 
between “sensory” and “motor.” The sensory fibres passing from the 
vessels up the posterior roots and the efferent (motor or inhibitory) 
may have a common peri-arterial plexus, similar to that of the inhibitory 
and motor fibres in the retractor penis, so that antidromic impulses 
in the former, when powerful, may spread in the plexus and so excite 
other fibres of an efferent nature. The difficulty in this view is 
that it implies the presence of additional efferent, vaso-dilator fibres 
ending in the plexus, which, if my experiments are correct, do not 
exist. 


In confirmation of the antidromic nature of the effects in question, — 


I should like to refer to the recent work of Dale* which shows that 


there are no spinal efferent fibres in the posterior roots of the toad, - 


1 Proc. Physiolog. Soc. Feb. 12th, 1898. This Journal, xxu. p. xxxvii. 
2 This Journal, xxvu. p. 350. 1902. 
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although there seems no doubt of the fact of the occurrence of con- 
tractions of the viscera when the peripheral ends of certain of these 
are excited’. 

In this connection also I wish to correct an unintentional mis- 
representation of the results of Wana’ to which I referred in my 
previous paper. I understand from Prof. Steinach that Wana “has 
shown by an exhaustive statistical investigation that the results of 
Horton-Smith, according to which the posterior roots of the frog 
innervate the skeletal muscles, are to be explained by the abnormal 
course of motor anterior root fibres, and are to be reckoned amongst 
physiological rarities.” I request Dr Wana to accept my apologies — 
for the mistake. | 


SUMMARY OF CONCLUSIONS. 


i, There are no vaso-dilator fibres the in the 
abdominal sympathetic chain. 


2. The only fibres to the hind-limb acting as vaso-dilators are 
posterior root fibres excited antidromically. 


3. There are fibres in the posterior roots of the 12th and 13th 
thoracic nerves which act as vaso-dilators to the small intestine. 


_ 4 The vagus nerve contains no vaso-dilator fibres supplying the 
small intestine. 

5. In reflexes from the depressor nerve (or central end of the 
vagus in the dog when causing fall of blood-pressure), as also in the 
Lovén reflex from the anterior crural nerve, there is produced a 
vascular dilatation in the hind-limbs, even after extirpation of the 
abdominal sympathetics, in which latter case it must be due to an 
excitation of vaso-dilator fibres. Since there are no fibres of this kind 
going to the hind-limb except the posterior root fibres, it follows that 
antidromic impulses are sent through these in normal reflexes. The 
possibility of local reaction due to fall of blood-pressure is excluded 
in these experiments, since the effect was produced in cases where 
no fall of general blood-pressure occurred, and, in all experiments 
considered to be successful, when there was a fall of — blood- 


1 F. B. Hofmann in Centralbiatt f. Physiologie, x xv. C4 14. 1902. 
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pressure, it was not sufficiently great to cause an appreciable local 
reflex, and, moreover, the vascular-dilatation was abolished by section 
of the spinal cord in the upper lumbar region. 


6. The fall of arterial pressure produced by depressor | excitation 
is accompanied, almost invariably in the rabbit, and invariably in the 
cat and dog, by a small fall in the pressure in the inferior vena cava.. 


7. The only hypothesis as yet put forward to explain the posterior 
root effects, which is in agreement with all the experimental data, 
is that, according to which the same nerve terminations in the 
periphery serve both to take up sensory impressions and to convey 
motor or inhibitory impulses to the muséular structures in which 
they end. 
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TASTE AND THE FIFTH NERVE. By Sir W.R. GOWERS, | 
M.D., F.BS, 


In Volume III. of this Journal, p. 229, I described a case of disease 
which suggested strongly that the path for taste reaches the brain 
by the roots of the fifth nerve, both as regards the front and the 
back of the tongue. Since then I have met with strong confirmatory 
evidence, also from cases of disease, but these are unimportant compared 
with the proof of the fact supplied by a modern surgical procedure. 


This is the removal of the Gasserian geagtion and adjacent part of the 


fifth nerve, known as “ Krause’s operation” for neuralgia, aioe oa MS 
distinguished German surgeon who introduced it. : ee 

It consists in trephining the skull and raising the lied ai: 
sphere so as to expose the position of the Gasserian ganglion. The 
membrane over it is opened, and the fifth nerve is divided in front 
of the ganglion, and this is then removed. As Mr Victor Horsley 
performs the operation, the ganglion is seized by forceps and torn 
from the pons, bringing away with it a third of an inch or more of 
the roots of the nerve. The whole of the nerve is usually removed ; 
it is net practicable to attempt to spare the motor portion. The effect 
of the complete removal of the ganglion and the roots of the nerve 
is to abolish all function, to cause anesthesia in the whole region 
supplied, In the cases operated on at the National Hospital for the 
‘Paralysed and Epileptic, in which the point has been examined, the 
loss of function has included taste on the front and back of the tongue 
on the anesthetic side. The cases are five, and are the last five 
consecutive cases in which this operation has been performed, in four 
by Mr Horsley, in one by Mr Ballance. In some earlier cases taste 
was not tested, so that, as far as our observations go, the result has 
been constant. 

Case I, A man, 35 years of age, was operated on for long-standing 
neuralgia in the third division spreading to the second. Ten weeks 
later there was paralysis and atrophy of the muscles of mastication 
on that side, loss of all sensibility in the regions supplied by each 
division of the nerve, and absolute loss of taste on the front and back 
of the tongue, Sweet and sate were es — on the other 
side of the middle line. 
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II, F. age 45. Nine months after the operation, absolute loss 
of taste front and back of the tongue on the side operated on. 

III. M. age 79. Examined about five weeks after operation. 
Complete absence of taste on that side, equally distinct to sweet and 
bitter and to voltaic stimulation. 

IV. F. age 25. The operation was for most severe neuralgia, for 
which some branches of the fifth nerve had been divided outside the 
skull without result. A month afterwards no sensation of taste could 
be perceived, front or back, on the side operated on. 

V. F. age 53. Recovery from the operation itself was remarkably 
rapid. . A week after its performance she seemed almost well. 
Examination of taste seemed to show that it was retained on the 
front and back of the tongue on the side operated on. Subsequent 


examination a fortnight later revealed the fact that cutaneous sensi- 


bility was retained on the forehead and along the line of the lower 
jaw, but was completely lost on the cheek in the region supplied 
by the second division of the nerve. It was evident that the operation 
had been incomplete. Nevertheless two separate examinations showed 
that there was no perception of taste at any part of the tongue on 


that side. 


Thus the indications of chee five consecutive cases are clear. 
Mr Horsley has informed me that in the cases he has operated on 
in private in which he has afterwards tested taste he has in each 
found it lost. These facts constitute strong evidence that the 
suggestion of disease was correct, and that all the fibres of taste, 


at least in most persons, reach the brain by the fifth nerve. Whether 


it is so in all, further observations only can show. 

I am not concerned to discuss the results obtained by others’, who 
have not found taste constantly abolished by this operation. But 
I may point out some sources of fallacy, without asserting that they 
account for the discrepancy. 

No weight can be attached to the results of ohewvations made 
during the first two or perhaps three weeks after the operation. It 
is difficult to explain the fact, but it is certain. In Case V., as I have 


- mentioned, a week after the operation taste seemed to be retained, and 


yet three weeks later it was unquestionably absent. A still more curious 

illustration of the fallacy attending early observation was afforded by 

Case IV. A week after the operation (which: was performed by 

Mr Ballance) the evidence of persistent sensibility on the face seemed 

so definite to the most careful examination, that the wound was 
1 See Tezt-book of Physiology, edited by Schiifer, 1., p. 1239. 1900. 
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reopened, the brain raised, and the cavity looked into to see if any 
part of the nerve remained. It was empty, and was not touched. 
After recovery from this second operation no trace of sensibility could 
be found on repeated testing during many months, and as already 
stated, taste had also disappeared. 

One possible source of fallacy in early observations may be sug- 
gested. There is probably a communication between the terminal 
branches of the two sides, which varies in degree in different persons. 
The impulses generated by excitation of the nerves near the middle 
line may conceivably reach the brain through the medial communica- 
tion at first, and yet the fibres on the side operated on may slowly 
atrophy, in consequence of the loss of the trophic influence of the 
Gasserian ganglion, so that afterwards they cease to be exciteable or 
to conduct. It is certain that the ultimate limit of cutaneous 
anesthesia varies in relation to the middle line, and we cannot say 
that such transverse conduction may not, for a time, extend as far 
as the edge of the tongue. I hope opportunities will be taken to 
obtain more definite facts on the medial limit of the anzsthesia, and 
any variation with time. At any rate this possible source of fallacy 
deserves to be remembered. oo | 

Another source of error is the possibility that the operation may 
have been imperfectly performed, that some parts of the nerve may 
have escaped removal. Although the operation is one of the most 
difficult in surgery, one could not venture to suggest to a surgeon that 
it had been imperfectly accomplished, but the fact may well be some- 
times inevitable. In Case V. no other conclusion is possible, and it 
_Was recognised by the surgeon, who is as frank as he is skilful. The 
case is of special interest because anatomical facts suggest that the 
taste-fibres for the front of the tongue and probably also from the back 
are associated with those of the second division of the nerve. It was 
in this only that the loss of sensation was complete, and with this 
taste was wholly abolished. | 

‘ The path by which the taste impressions reach the fifth nerve 
deserves further investigation, but scarcely lends itself to experimental 
research. Here, again, only the indications of disease are available, but 
they may receive more attention if the fact is admitted, as it must be, 
that, by some path, the fibres for taste do reach the fifth nerve, at least 
frequently and pass to the brain by its roots. The evidence regarding 
the front of the tongue is clear, and well known. The taste-fibres leave 
the lingual by the chorda tympani, enjoy a short companionship with 
the facial nerve and then leave it, Taste on the front of the tongue 
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is not impaired by disease or division of the lingual nerve above the 
junction of the chorda tympani; it is by disease of this, or of the facia] 
nerve just above the place where the chorda leaves it. But there is 
never impairment of taste from disease of the facial nerve within the 
skull. Hence the fibres must leave the facial, and they probably do 
so by the large superficial petrosal and Vidian nerve, and thus reach 
the spheno-palatine ganglion and the fifth nerve. The fibres from 
the taste structures at the baek of the tongue are supposed to belong to 
the glosso-pharyngeal nerve. But disease of the roots of this nerve, or 
limited to its immediate neighbourhood, has never been found to cause 
loss of taste. The peripheral taste-fibres must leave it, and reach the 
fifth by some channel. Branches connect the glosso-pharyngeal and the 
fifth,—one from the tympanic nerve of Jacobson to the large superficial 
petrosal and spheno-palatine ganglion, and another from the same 
nerve to the otic ganglion. If it is by these that the taste-fibres 
pass to the fifth we can understand the fact that taste on the back 
of the tongue is sometimes abolished on one side by caries of the 
temporal bone. 

Strange as is so erratic a course, the ae of taste from the front 
of the tongue is hardly less circuitous. The reason may be hidden 
in the obscurity of developmental history. Not less strange is the 
course of motor fibres for the upper part of the trapezius, which, 
arising from the same grey matter in the cervical cord as the fibres 
for the other muscles of the neck, ascend to the skull to join a 
cranial nerve, and then leave it to subside to the same destination as 
those which have a direct course to the trapezius. It is at least 
consistent that taste impressions should reach the brain by one nerve, 
and that a nerve of pure sensation. 

In conclusion I may mention one other suggestion of disease. 
It is that the path of the fibres for taste, within the pons, seems to 
leave that of the fibres for common sensibility and pass nearer to the 
motor root. This is the indication of a case in which a small lesion, 
apparently within the pons, paralysed the motor part of the fifth, 
and also taste, front and back, but left ordinary sensation unimpaired. 
It is important, as suggesting an explanation of cases in which the — 
other sensory functions of the fifth have been lost and taste has been 
unimpaired. These have been thought to be opposed to the passage 
of the taste-fibres by the roots of the fifth, but it is intelligible that 
a small lesion within the pons may interrupt the _ for common 
sensation and spare the taste-fibres. 
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ON THE INNERVATION OF THE URINARY PASSAGES 
IN THE DOG. ByC. H. FAGGE, M.S., Senior Demonstrator 
of Anatomy at Guy's Hospital, London. (Kight Figures in Text.) 


(From the Physiological Laboratory, University College.) 


In spite of the large number of researches which have been made on 
this subject there are still many differences of opinion with regard 
to some of the most important factors involved in the retention of 
urine and in micturition. All observers are agreed that both sets 
of nerves which supply the bladder may have a motor effect on the 
muscular wall of this organ, an effect which is much more’ pronounced 
in the case of the pelvic visceral nerve. Here, however, agreement 
ceases. According to von Zeissl', the pelvic visceral nerves (nervi- 
erigentes) are motor for the detrusor (chiefly longitudinal fibres) 
and inhibitory for the circular fibres, which, according to him, act as a 
sphincter. Hané? ascribes the reflex inhibition of the sphincter to the 
intervention of inhibitory efferent nerves, Other observers, such as 
Reyfisch*, while confirming the motor effect on the detrusor, do not 
find any direct inhibitory effect of these nerves on the sphincter, but 
believe that there is a normal sphincter tonus maintained by the 
central nervous system and that any inhibition of the sphincter is 
central in origin. According to von Zeissl, the hypogastric nerves 
are motor to the ‘sphincter, though doubt has been thrown on von 
Zeissl’s interpretation of his results by Langley and Anderson‘. 
In like manner the anatomical basis of the sphincter mechanism 
is still a subject of discussion. Griffiths could find: no definite 
accumulation of circular fibres at the neck of the bladder which might 
be regarded as a special 5 roseaapal On the other hand, Kalischer'‘, 


Arch. f. d. ges. Physiol. um, p, 560. 1893. 
a Pfliiger’s Arch. p. 453. 1899. 
Virchow’s Archiv, ou. p. 111. 1897. Ibid. ouxr. p. 529. 1900. 


* This Journal, xu. p. 678, 1892; xrx. p. 71, 1895; xix. p. 372, 1896; xx. p. 372, 
1896. 


> von Otto Kalischer. Die Urogenitalmuskulatur des Dammes.. ‘Bertin, 1900. 
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as the result of very careful anatomical investigation by means of con- 
tinuous serial sections, describes an oblique ring of dense muscular tissue 
continuous with the tissue of the trigonum and running obliquely forwards 
and downwards. This observer points out that there are two distinct 
systems of muscle in the urinary passages; one making up the ureters, 
trigonum and urethra, and the other forming the bladder Proper, which 
can be regarded as a later addition to the primitive urinary passage. 
It was in hopes of clearing up some of these difficulties that, at the — 
suggestion and with the assistance of Prof. Starling, I undertook the 

‘present investigation. | 

In all cases, dogs were the animals used and were anesthetised — 
with a preliminary injection of morphia followed by A.c.£. mixture. 
In a few cases curare was used in addition, during the course of an 
experiment when it was necessary to exclude the action of voluntary 
muscles. Most of the experiments were carried out on bitches, on 
account of the greater simplicity in the female of the structures at 
the neck of the bladder. 

The hypogastric nerves were in most cases isolated just below the 
inferior mesenteric ganglion, and the two together placed on Ludwig 
electrodes. In order to expose the structures at the neck of the. 
bladder, Griffith’s plan of splitting the symphysis was adopted, and 
the same method was used to expose the pelvic_visceral nerves. In 
many cases however, in order to avoid the possible spread of current 
to hypogastric fibres, the sacral roots were exposed in the spinal canal, 
the cauda equina divided below the first sacral nerve, and all the 
remaining roots were placed on a large pair of Ludwig electrodes. — 
In this case curare was also given to eliminate the action of the roots — 
on the skeletal muscles. 


INNERVATION OF URETERS. 


The contractions of the lower half of the ureter were recorded by | 
inserting into the lumen of one ureter a very fine silver cannula, over 
the perforated end of which was fixed a small rubber capsule. The 
catheter was introduced after opening the bladder, from the interior | 
of this viscus, or in one or two cases by a longitudinal slit about the 
middle of the ureter. The catheter was connected by a rubber tube 
with a water manometer, the other end of which communicated with 
a piston recorder. The height of the water in the manometer could 
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be regulated so ‘as to produce an adequate iianiin of the balloon 


in the ureter. 


Explored in this way the ureter in many cases was found to be 
motionless or to present slight contractions or groups of contractions 
recurring at intervals of 30 to 60 seconds. These contractions often 
made their appearance for the first time after excitation of the hypo- 
gastric nerves, and then continued after stimulation of the nerves had 


Fig. 1. “Tracing taken by means of a balloon in the lower half of the ureter, showing 
spontaneous contractions, and the augmentor effect of excitation of the hypogastric 
nerves. Upper line=piston recorder. Middle line, Lowest 
showing moment of excitation. 


| Stimulation of the hypogastric nerve was eae followed by a 
motor effect on the ureter. This motor effect was evidenced either 
‘by a quickening of the normal rhythm of contractions, by production 
of groups instead of single contractions (Fig. 1), or by the production 


Fig...2.... Tracing taken in the same way as Fig. 1. The ureter showed no spontaneous 
_ contractions. Strong stimulation of the hypogastric nerves caused in the first instance 
- single group of 6 contractions, and in the second case two groups of 5 and 8 

contractions respectively, separated by an intermal of 25 seconds 
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of a group of contractions in a previously motionless ureter. In some 
cases two or three such groups might result from a single stimulation 
of these nerves (Fig. 2.) 

Protopopow' has described a motor effect on the ureters on 
stimulating the splanchnic nerves. We were never able to observe 
any such results in the lower half of-the ureter. Stimulation of the 
pelvic visceral nerves was equally without effect on the ureters, which 
are therefore apparently innervated solely by the hypogastric nerves. 


INNERVATION OF THE BLADDER. 


In dealing with innefvation of the bladder it will be convenient 
to consider the influence of nerves, first on the factors which lead to 
the expulsion of the urine, and secondly on those which determine the 
retention of urine-factors which are often: designated as the detrusor 
and the sphincter mechanisms. | 

The activity of the ‘detrusor mechanism, 1.e. the contraction of the - 
muscular wall of the main part of the bladder, was determined by 
measuring the intravesical pressure, the bladder being placed in 
connection with a Hiirthle membrane manometer, by means of a tube 
tied lightly in an opening of the fundus or in the neck of the bladder 
or introduced by one ureter. Another cannula was generally inserted 
in another of these situations, by which the bladder could be connected 
with a reservoir containing warm normal saline solution at any desired 
pressure, 

The effects of the two sets of bladder nerves on the intravesical 
pressure have often been described (e.g. Sherrington’, Langley and 
Anderson, &.). Stimulation of the sacral nerve-roots or of the pelvic 
visceral nerves causes a powerful contraction of the walls of the 
bladder and a large rise of pressure, amounting in the case from 
which Fig. 3 was taken to about 24 cm. H,O. Stimulation of the 
hypogastric nerves on the other hand causes a rise of pressure 
amounting to only ‘4 or ‘6 cm. H,O. On inspection it is seen, as is 
well known, that the contraction induced by stimulation of the hypo- 
gastric nerves is chiefly limited to the base of the bladder, between 
the ureters and the urethra. ) 


1 Arch. f. d. ges. Physiol. uxvi. p. 1. 1897. 
2 This Journal, xin. p. 678. 1892. 
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We are unable to obtain any evidence of inhibitory fibres in the 

hypogastrics. Stimulation of the hypogastric nerves immediately after 

excitation of the pelvic visceral nerves caused no quickening in’ the 
of relaxation’. 


he Tracing of intravesical pressure, taken by means of a Hiirthle manometer 
connected with the Heder by cannula ted in by ligature round the neck 
of the bladder above the prostate. : 


Sphincter mechanism. In order to prove an inhibitory effect of the 
pelvic visceral nerve in the sphincter, von Zeissl tied a wide tube into the 
bladder near the urethra, and a tube in the urethra near the neck 
of the bladder. The pressure on the bladder tube was then raised 
to a point just short of that required to cause a flow of fluid through 
the urethra. On stimulating the pelvic nerve he found that there 
was a flow of fluid through the urethra without any rise of pressure 
in a manometer connected with the bladder tube. I have repeated 
von Zeissl’s experiment with the same result, but as the detrusor 
fibres acting from a fixed point in a ring surrounding the urethra 
would by their contraction tend to open the canal, I do not think 
the experiment conclusive, and in observations made in other ways 


1 On the other hand definite inhibition has been obtained by Langley and Anderson 
(loc. cit.) and by Langley (this Journ. xxvm. p. 252, 1901) in the cat, after prolonged 
stimulation of the hypogastric nerves. It is possible that this result is analogous to the 
quickening of the flow through the sphincter after cessation of stimulation of these nerves, 
to be described later, and that our failure to obtain similar inhibitory effect on the bladder 


itself 
structures at the neck of the bladder. 
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(ep. below) I do not find any evidence for the view that the pelvic nerve 
inhibits this sphincter. 

In order to obtain a correct idea of the pressure changes in the 
bladder on stimulation of the pelvic nerves when fluid is not pressed 
out, it is necessary to use a manometer such as Hiirthle’s, I may say 
at once that in no case have I observed any evidence of an inhibitory 


. effect of these nerves on the sphincter. The expulsion of urine caused 


by their stimulation always occurs at a pressure which is sufficient of 
itself to overcome the resistance at the neck of the bladder. This 
is shown clearly from an experiment from which Fig. 4 was taken. 


Fig. 4. Tracings taken by a Hiirthle manometer connected with the apex of the bladder. 
I. Effect of exciting the sacral nerve-roots. II. Effect of gradual injection of fluid 
into the bladder. M, M, M, denote the points at which the resistance of the sphincter 

_ Was overcome and urine began to flow from the catheter in the urethra. 


In this experiment the manometer was connected with the interior 
of the bladder by a cannula tied in the bladder-apex. Another 
cannula introduced by one of the ureters was connected with a 
reservoir of fluid, and thus served to fill the bladder to any desired 
extent and pressure. A catheter was tied in the urethra to show 
the condition of the sphincter, its end being about 4 inch from the 
neck of the bladder. In Fig. 4 the first curve shows the effect of 
exciting the sacral nerves. A sudden rise of pressure occurs almost 
immediately from 2 cm. H,O to about 13 cm. H,O. At this point 
the curve bends quickly round, and a second later at the point 


marked M the fluid begins to flow from the catheter in the urethra. 


Micturition occurs in this case, therefore at a pressure of between 
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18—14 cm. H,O. Shortly afterwards the pressure was determined 
which sufficed to overcome the resistance at the neck of the bladder 
(Curve II.). The pressure was gradually raised by altering the height 
of the reservoir. At the point M on the curve the fluid began to 
flow through the urethra, 1c. when the pressure in the bladder had 
obtained a value of 14 cm. H,O. On lowering the pressure 4 cm. 
the flow stopped, but recurred as soon as the original pressure was | 
reestablished. I have repeated this experiment a large number of 
times with many variations, but have always found that the sole factor 
concerned in the micturition which occurs on excitation of the pelvic 
nerves is the rise of intravesical pressure. In no case could I satisfy 
myself that inhibition of the sphincters played any part in the process. 
The hypogastric nerves were described by von Zeiss] as the motor 
nerves of the sphincter. Langley suggested that the stoppage of -flow 
obtained by von Zeiss! on stimulating the hypogastric nerve might 
possibly be due to a longitudinal contraction of the basal portion of the 
bladder drawing the urethra forwards. In our experiments we have 
allowed fluid to pass from bladder to urethra or from urethra to the 
open bladder at a pressure which is just sufficient to overcome the 
resistance of the sphincter, modifying the tension on the walls of the 
bladder in various ways so as to eliminate any effect due to a simple 
dragging forwards or backwards of the vesico-urethral orifice. Our 
results entirely confirm those obtained by von Zeissl. Thus in one 
experiment a cannula in the apex of the bladder was connected with a 
reservoir of fluid. A flow through the urethra was obtained when the 
pressure in the bladder exceeded 12cm. H,O. On stimulation of the 
hypogastric with strong induced currents the flow ceased, and the same 
result was obtained when the pressure in the bladder was raised to 34, 
and then to 46cm. H,O. In each case cessation of the stimulation was 
followed by temporary augmentation of the flow through the urethra’. 
Similar results were obtained when as in von Zeiss|’s experiments 
the cannula was tied in close above the neck of the bladder, and the 
fluid allowed to flow either from bladder to iesanee'h or from arvtnre to 


bladder. 


1 On one or two occasions this increased flow was observed towards the end of a 
prolonged excitation of the hypogastric nerves, before the stimulation had been dis- 
continued. The most obvious explanation of the effect is a dilatation as an after-effect of 
the constriction of the sphincter, 
hypogastric nerves to the sphincter, with a long latent period. 
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The same conclusion is borne out by a comparison of the pressure 
changes in the bladder, first, when the sacral nerves are stimulated 
alone, and secondly, when the sacral nerves and hypogastric nerves are 
stimulated simultaneously. 
In Curve I. both sets of nerves were stimulated with strong induced 
currents. No micturition occurred, although the pressure in the 
bladder rose to about 22cm. H,O. Shortly afterwards the sacral nerves 
were stimulated alone with the same strength of current. The pressure 
rose rapidly to about 14cm. H,O. At this point micturition coonered 

and very little further rise of pressure took place. 

There is thus no doubt that the central nervous system is in a 
position to considerably increase the resistance to the outflow of urine | 
by means of impulses which pass down the hypogastric nerves. How 
far this influence is tonic it is difficult to deterraine. In some cases 
the resistance to the outflow of urine has been considerable at the 
_ beginning of an experiment and has been largely reduced after section 
of both hypogastric nerves. In other experiments, however, the same 
diminution of resistance to outflow has occurred in the course of the 


Fig. 5. Tracings of intravesical pressure taken by a Hiirthle manometer connected with 
apex of the bladder. In I both hypogastrics and sacral nerves were stimulated. In 
II the sacral roots alone were stimulated. Micturition occurred at the point marked M. 


experiment, although the hypogastric nerves have been left intact. The 
sphincter however, isolated for all nervous connections, can resist an 
intravesical pressure varying in our different experiments from 10 to 
20cm. H,O. The latter figure probably represents more nearly the 
resistance in the normal animal, so that reinforcing motor impulses from — 
the central nervous system would not be necessary until the pressure 
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in the bladder reaches 20.cm., a pressure which a to @ very 
considerable — of the viscus. 


INNERVATION OF THE URETHRA. 


~The tii, of nerves on the urethra has been studied by a method 
similar to that used in the case of the ureters. Experiments have been 
made on the female urethra as well as on the prostatic, membranous 
and bulbous portions of the male urethra. In each case a small rubber 
capsule on a silver cannula was introduced either through the urethral 
orifice or through an opening in the perineum into the part of the 


Fig. 6. Rubber capsule in prostatic portion of urethra, connected with piston 
recorder. Showing marked contraction of this portion of the urethra on 
excitation of the hypogastric nerves. 


Fig. 7. Tracing from prostatic portion of urethra, showing strong motor effect 
of hypogastric nerves (a), and weak motor effect of sacral nerve-roots (b). 


Fig. 8. Tracing from membranous portion of the urethra, to show relative motor — 
effects of hypogastric nerves (a), - sacral nerve-roots (b). 


urethra which it was wished to study. ‘Teaiings are given (Figs, 6, 7, 8) 
showing the effect of stimulating the hypogastric nerves on the prostatic 
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and membranous portions of the urethra. In both situations, as well 


as in the bulbous portion, excitation of these nerves caused a marked 
contraction and constriction of the lumen of the tube. : 
Stimulation of the pelvic visceral nerves or of the sacral roots had 
in most cases no effect at all-on the urethra. In a few cases, however, 
strong stimulation of these nerves produced a slight contraction of the 
prostatic portion, a still smaller contraction of the membranous portion, 
and no effect at all on the nuinons portion of the urethra. Compare » 
Figs. 7 and 8. 


The same general results were obtained in the case of the female — | . 


urethra, viz. strong contraction on stimulation of the hypogastric 
nerves, and a slight contraction or no neers at all on stimulation of the 
sacral nerves, | 


CONCLUSIONS. 


The idea has often been put forward that where an organ has a nerve- 
supply from two sources, the two sets of nerves must have actions which 


are physiologically antagonistic: The most extreme development of such 


a theory is the “crossed innervation theory” of von Basch, which 
has been applied by Ehrmann’ and by Courtade and Guyon? to | 
intestines, and by von Zeissl* and by Courtade and Guyon‘ to the 
bladder. In the case of the small and large intestines, the crossed 
innervation theory has been disproved by Langley and Anderson, as 
well as by Bayliss and Starling, although there is to some extent a 
physiological antagonism between the cerebro-spinal and sympathetic 
nerves supplying these viscera. 

The results detailed in this paper, taken in conjunction with 
previous work by 9 other observers on the same subject, show that, in the 


case of the urinary passages, the difference between the two sets of 


nerves (sympathetic and sacral) is morphological rather than physio- 
logical. The nerve-supply to the primitive urinary ducts and in fact 
to all the passages developed from the Wolffian ducts and their 
outgrowths including the uterus and vagina, and vas deferens (Langley 
and Anderson), is derived from the sympathetic system through the 


1 Med, Jahrb. Wien, 1885. 

2 Arch. de Physiol. norm, ét path. 111. p. 164. Paris, 1876. 
3 Arch. f. d. ges. Physiol. i111. p. 560. Bonn, 1893. 

* Arch. de Physiol. norm, et path. vin. p. 622. 1896. 
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hypogastric nerves, On the other hand, the innervation of the reservoir 
developed from the urachus and attached to the urinary passages to 
form the bladder, is furnished, probably later in the course of evolution, 
directly from the sacral spinal cord along the pelvic visceral nerves. At 
the point where these two systems come into contact, i.e. at the neck of 
the bladder, there is a certain degree of overlap. Thus the motor effect 
of the hypogastric nerves, although best marked in the region of the 

trigonum, extends a little distance on to the wall of the bladder proper, 
and the motor effect of the pelvic visceral nerves is present to a slight. _ 
extent at the beginning of the urethra. 

As regards the mechanism of evacuation of the bladder, our results 
show that, at any rate when’ all nerves to the bladder are divided, 
micturition can only be effected by a rise of pressure within the 
bladder sufficient to overcome the resistance at the neck, there being 
no evidence of a diminution of this resistance by the direct agency 
of nerves. Our results, however, do not exclude the possibility of | 
the autochthonic tonus of the sphincter being reflexly augmented by 
impulses along the hypogastric nerves when, in the normal animal, 
the intravesical tension rises above a certain point. If such a reflex 
augmentation is of normal occurrence, a central inhibition of the tonus 
would be a necessary concomitant of micturition, preceding or accom- 
panying the motor discharges along the pelvic visceral nerves. 

For many years physiologists and anatomists have discussed the 
question of the anatomical seat and nature of the sphincter mechanism 
of the bladder without coming to any agreement on the subject. Ina 
careful anatomical investigation recently published by Kalischer it 
is pointed out that the muscular tissue of the ureters, trigonum and 
urethra is continuous throughout and ‘differs by the closeness of its 
constituent fibres from the coarser muscular tissue of the bladder 
proper. At the beginning of the urethra in man and dog Kalischer 
describes a special obliquely placed ring of dense muscular tissue under 
the name of sphincter trigoni. In the only animal (a cat) in which we 
have investigated the structure of the neck of the bladder, by means 
of serial sections (the method adopted by Kalischer throughout), we 
were unable to identify any special ring of muscle at this point, and it 
is evident from our results that, whenever the sphincter mechanism is 
called into play by stimulation of the hypogastric nerves, the urethra 
contracts along its whole length. Broadly speaking then, we may 
regard the whole urethra as a sphincter mechanism of the bladder, 
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though from a mechanical standpoint the section of urethra nearest 
the bladder must always be of the greatest importance for the mere 
retention of urine. We believe that the resistance to the outflow of 
urine at the neck of the bladder is largely due to the tonic contraction 
of the circular fibres of the urethra at this point, whether or not any 
special ring of tissue be present. The effect of this contraction is, 
however, probably aided by physical conditions such as the apposition 


«.» © of the mmeous surfaces along the whole length of the urethra and the ~-- 
_ tendency of the weight of urine in the relaxed: bladder and of the 


pressure exerted by the abdominal walls to press the two walls of the 
urethra together. 
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THE VISUAL ACUITY OF THE NATIVES =a 
SARAWAK. . By CHARLES S. MYERS. 


DURING a visit to Borneo in 1898, I estimated the visual acuity of 
_ 82 natives, employing the same method as that which Dr Rivers 
had found the most useful in his investigations among the people of 
Torres Straits and New Guinea. His results have recently appeared | 
in the Expedition Reports’, where a detailed description of the E — 
method which we employed will be found. I may say here that our 
E test-types only differed from the ordinary Snellen’s test-types in the 
replacement of the various alphabet-letters by E’s of different sizes 
in one of four positions (the short bars pointing rightwards, leftwards, 
upwards or downwards). The individual under examination held in 
his hand a large E, which he was asked to place in the same position 
as that of the E indicated on the test-type. 

Some of the testing was done during a voyage up the Baram 
River, under conditions where the illumination varied so that I found 
it necessary to test my own visual acuity on each occasion. The 
greater part, however, took place on the verandah of Dr Hose’s 
Residency at Claudetown. There the light was approximately of the 
same brightness as in Murray Island, Torres Straits. 


Times Im- 


Self; 144=2°3 
1. Batang Lupar, Sakarrang Dayak 28 40 20 
* 2. Milano from lower Baram River 50 2o 0°5 16 +1D sph. 
8. Barawan from Tinjar River 45 t 0°8 ) 
4. Muka, Milano 50 0°65 
5. Batang Lupar Dayak 55 12 
6. Barawan from Tinjar River 35 + 0°6 0°8 +1 D sph. 


1 Reports of the Cambridge Anthropological Expedition to Torres Straits, Vol. u. Pt. 1, 
Cambridge University Press, 1901. 

* The denominator expresses the size of type read by the observer at the distance 
expressed in metres by the numerator. _ 7 
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7. Uma Poh, Kayan 27 g 
8. . Tinjar River, mixed tribe 18 z 18 
9. Punan from Tinjar River ee 16 
10. Saribas Dayak 19 y 20 
11. Batang Lupar Dayak 19 4 22 
18. Semanggang Dayak 
14. 26 1-4 
15. 28 18 
16. Long Kiput 63 $ 1°2 
17. Barawan from Tinjar River 4 
Self: 42=—2°2 
18. Barawan from Tinjar River 17 3 1°5 
19. Punan 2°5 
20. Barawan from Tinjar River Lc ie 1°8 
Self: 42 or 42=2°0 | 
21. Tribeunknown 50 18 
22 17 1g 20 
23 ” 24 § 13 
24. 28 ah 18 % 
25. Rejang River, Sakarrang 26 $ 12 
26. Semanggang Dayak 29 Sh 17 
27. Barawan 19 
Self: 32 or $=1°8 
29. Batang Lupar Dayak 24 Fy 16 
30 ” ” ” 35 4 1°4 
81. Rejang River Sakarrang 
08 14 -1D oyl. ax. vert. 


— Belbaiihaia was peers present in Nos. 1, 4, and 23, besides in 
Nos. 12 and 82. At 105 meee, No. 1 could only read the E of No. 5 
type in positions m and w. Nos. 4. and 23, on the-coutrary, could 
only read E and 3, the cia (No. 5 type) at 3 metres, the latter 
(No. 6 type) at 9 metres, 

If the variability of illumination be neglected, the 


acuity of the above 32 natives is nearly — ; that is, it is about one and 
a half times the so-called normal ie The average visual acuity 


obtained by Dr Rivers in Torres Straits and New Guinea is “Y©, four 
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out of 115 Murray Islanders tested by him showing a visual acuity more 
than three times as great as normal. It must be remembered that 
there were also fluctuations in light-intensity during these observations 
and that my own visual acuity may have varied from time to time 
with my state of health. But even if full allowance be made for 
changes in illumination, the visual acuity of the people of Sarawak 
falls considerably below that of the Papuan tribes. 

Nor can this difference be ascribed to the examination of a less 
number of boys or greater number of old men in Sarawak. The visual 
acuity of 24 Sarawak adults below the age of 36 is $; that of Mabuiag 


. Islanders of the same age is 44. 


After reviewing the results obtained elsewhere, which Dr Rivers 
has with great pains brought together in the Reports, it has seemed 
to me likely that the vision of African, Australian and Papuan races 
is naturally more acute than that of Mongolian, Malayan, Polynesian 
and Mediterranean races. But this must remain a mere suggestion 
until a greater number of observations has been made. I extract from 


Dr Rivers’ article (pp. 16—19) the evidence which has led me to this 
conclusion. 


13 Nubians (Kotelmann) 260 Probably E— method 


4 Zulus (Kénig) 8°37 or E method 
100 Congolese (Pergens) ?2°80 Steiger’s types 
115 Murray Islanders (Rivers) 206 - E method 

86 Mabuiag ,, 6 2°32 
19 Kiwai in 2°06 is 
6 young adult (Rivers) 2°50 


24 young adult Sarawak males (Myers) 1°80 
5 ,, Samoans (Rivers) 


? ?  Braszifians (Ranke) 158 method 
6 American Indians (Schétt) — 1°42 Probably Snellen’s letter types 
4 Hawaians (Seggel) 1°85  Burchardt’s dots 
7 out of 15 Lapps examined (Beggel) =or<1:00 7 


100 young adult Egyptians (Cohn) 185 E method | 
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RETICULIN AND COLLAGEN. By M. SIEGFRIED. 


As Mall' does not obtain gelatine by boiling reticular tissue in 
water, he concludes that it is not white connective tissue. Young’, on 
the other hand, succeeds in producing gelatine by boiling it in water 
_ and holds this forth as a proof that reticular tissue is white connective 
tissue. Contrary to both authors I* proved that it is split up into 
gelatin and a heretofore unknown albuminoid reticulin. 

In the preparation of reticulin I used the intestinal mucous 
_ membrane of pigs and, since one can procure only a small amount of 
reticulin from one pig, 1 used the mucosa of 8—17 pigs for one 
experiment. I subjected these membranes to tryptic digestion, washed 
carefully in water and alcohol, and freed them from fat with ether in 
a Soxhlet’s apparatus. Hereupon, they were again digested and again 
the fat extracted with alcohol and ether. 

If a small amount of the reticular tissue, which has thus been 
prepared is boiled in a large quantity of water for 24 hours, it is 
dissolved and turns into an opalescent fluid, from which a voluminous 
precipitate will be precipitated by acetic acid. If it is boiled for half- 
an-hour, it loses its structure and is transformed into a very fine 
powder. The fluid, which gives all the reactions of gelatin, gives 
a jelly on evaporation. One difference between gelatin and the solution 
obtained by boiling reticulin in water is, that the latter gives a large 
precipitate on addition of acetic acid, while glutin does not. In the 


preparation of reticulin a part of the undissolved reticulin swells inthe “~~ 
solution.’ The addition of ammonium acetate makes it shrink and ~- a 


precipitates it, leaving a clear solution. 
Later, Schwarz‘ under the direction of Winoaflerian obtained 
from the aorta (ox) a protein, the properties of which corresponded for 


1 Abhandlung d. math. phys. Cl. d. Kénigl. Sachs. Ges. d. Wiss, xvui. p. 299. 1898. 

3 This Journal, xu. p. 332. 

3 M. Siegfried. “Ueber die chemischen Eigenschaften des reticulierten Gewebes.” 
Habilitationsschrift. Leipzig. F. A. Brookhaus, 1892. 

* Zeitschrift f. physiologische Chemie, xvut. 8. 487. 
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the most part with my reticulin. What he got he calls a “ reticulin- 
like substance,” because he believes in the probability, that in the 
aorta the elastic fibres are interwoven with the fibres of reticular 
tissue. 

A short time ago Miss Christine Tebb' obtained results different 
from mine. Her experiments with tendon (ox) have nothing to do» 
with my work, but she also experimented with very small quantities - 
of intestinal mucous membrane. In one of these experiments, she 
used the mucosa of the intestines of a cat, and in another of a dog. 
According to Miss Tebb’s statement, 9 cats will give 0°27 gr. of 
reticular tissue after digestion and extraction of the fat (p. 470). 

As Miss Tebb used the mucosa of one cat she, therefore, only worked 
with about 0°03 gr. substance, which should be split off in gelatin and 
reticulin according to my experiments. — 

Miss Tebb’s arrangement of her experiment differs from mine. In 
the first place, in that she soaked the tissue over-night in a 1 °/, solution 
of sodium carbonate, in order to remove the mucin, which she thought 
would impede the digestion. There is no ground for this apprehension, 
for the mucin is dissolved and entirely removed by tryptic digestion. 
In ‘a separate experiment, I have now convinced myself that the. 


intestinal mucous membrane of a pig which has been digested, etc. 


according to my directions, is entirely free from mucin. 

In Miss Tebb’s first experiment the mucosa was digested for 5 days 
and then boiled 12 times, each time for 20 minutes with 50cc. of 
water. Each of the 12 extracts, which ‘together were obtained from 
0°03 gr. of tissue from which the fat was removed, gave a precipitate 
with tannin. The first six extracts together gave a jelly, the seventh, 
eighth and ninth extracts together also yielded a jelly; the tenth 


extract, also the twelfth, each yielded a tender jelly. The remainder was 


boiled for 2 hours 40 minutes, and then the whole night long. There > 
was a small residue, which gave the xanthoproteic reaction. “This was 
not reticulin, for according to Siegfried’ reticulin, when boiled for 
many hours continuously, forms an opalescent solution.” 

In reply to this assertion, I wish to remark, that, as regards the 
solubility of reticulin, I made the following statements: p. 3, “If 
a small amount of reticular tissue is boiled with a large quantity of 
water for 24 hours it is dissolved and turns into an opalescent fluid, 
from which a voluminous precipitate will be precipitated by acetic 

1 This Journal, p. 468, 
2M. Siegfried, loc. cit. . 
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acid,” and p. 19, “If reticulin is boiled continuously with water, it 
forms a slightly opalescent fluid. One gram tissue was boiled uninter- 
ruptedly for 36 hours‘in four litres of water. Only a very small residue 
remained undissolved on the filter.” Miss Tebb was therefore not 
justified in thinking her residue to be different from reticulin. | 
- In her second experiment, Miss Tebb again did not follow my 
method. She extracts the mucosa of a dog with a 1°/, solution of 
sodium carbonate, then digests with trypsin. The tissue was then 
washed successively with water and alcohol, and then kept under ether 
for 23 days. After ‘that, it was boiled for 8 hours at intervals of 20 
to 80 minutes. The tissue remained unchanged in appearance after 
this process, and the extracts yielded no jelly. After the tissue was 
boiled over-night, there was a small residue. Among other reactions, 
the solution also gave a precipitate with acetic acid. 

In this experiment, therefore, the decomposition of the reticular 
tissue and formation of reticulin, did not occur as rapidly as I have 
noticed it. Miss Tebb looks at the prolonged treatment with ether 
as the cause. She then makes an experiment with aaigevion mucosa 
(cat) and considers her opinion confirmed. 

I had split up 25 gr. reticulin with hydrochloric acid and tin 
dichloride, and after eliminating the bases with phosphotungstic acid 
I did not see any separation of glutaminic hydrochloride from the 
hydrochloric syrup. 

From this I concluded, p. 14, that, as glutaminic hydrochloride is 
almost insoluble in ice-cold concentrated hydrochloric acid, there is 
either none or very little of this amido acid formed by the decom- 
position of reticulin. Miss Tebb believes that reticulin is collagen, 
which has been changed by alcohol and ether. She made experiments 
to obtain glutaminic acid by splitting up reticular tissue which had 
been boiled out. The mucosa of 9 cats was digested, treated with 
alcohol for 2 hours, and then kept under ether for 7 days. She obtained 
_ 0°27 gr. dry tissue, which she boiled in 50c.c. of water four times, and 
each time for half-an-hour. Each extract yielded a jelly. The re- 
mainder, the weight of which was 0°27 gr. minus the weight of the 
‘gelatin which was in the four extracts-(a quantity sufficient to yield 
a jelly each time), was decomposed by hydrochloric acid and tin bi- 
chloride. The tin was removed by sulphuretted hydrogen, the filtrate 
concentrated and then saturated with hydrochloric acid gas. At first, 
cubical crystals of an inorganic nature were deposited (probably sodium 
chloride), but after cooling the fluid with ice and salt, a considerable 
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amount of small needles was deposited. As the quantity, nevertheless, 
was too small to undergo an analysis, the crystals prepared from gelatine 
under the same conditions were used to determine the percentage of 


nitrogen: This turned out to be the same as that calculated to be i in 


glutaminie hydrochloride. 

In my opinion this is no proof of the formation of glutaminic 
acid from reticular tissue that has been boiled out. With small 
quantities like that it cannot be proved. Even if the formation of 
glutaminic acid was proved in this experiment, it would not conflict 
with what I found, namely, that reticulin forms none or very little 
glutaminic acid when decomposed by hydrochloric acid and tin bichlo- 


ride. What Miss Tebb decomposed was not reticulin, but reticular: 2 


tissue which had not been sufficiently boiled and split up. 

Although Miss Tebb did not follow my method in her experi- 
ments, nevertheless, to judge from my work with reticular tissue that 
had been but once digested, her tissue ought to have more rapidly split 
up into reticulin and gelatin. It is true that these experiments again 
differ from mine, in that she treated the tissue with a 1 °/, solution of 
sodium carbonate before it was digested. 

For this reason I prepared the intestinal mucosa of 3 pigs and 


made a study of the decomposition of the tissue by treating it in 


different ways. 


_ Exp. I. One part was treated as before, viz. the fat extracted, digested, © 
the fat again extracted and again digested. The tissue was then boiled in 


‘a. reflux-condenser and the filtrate of the partially decomposed tissue concen- 


trated. The result was a firm jelly, After entirely drying at a temperature 
of 110° C. this gelatin weighed 0:1709 gr. The residue was boiled with fresh 
water for 20min. The filtrate gave only a slight precipitate with tannin. 
After it was entirely decomposed, the precipitation of reticulin was hastened 
by addition of ammonium acetate. The reticulin was put on a weighed filter 
and dried at 110°C. The weight was 0-2772 gr. | 
' The 20 min. boiling, therefore, split off 0-1709 gr. gelatin from a reticular 
tissue containing 0°2772 gr. reticulin. Although the tissue was uninterruptedly 
extracted with alcohol and ether in a Soxhlet’s — it yielded the greater 
part of the gelatin within 20 min. 


__ This contradicts Miss Tebb’s opinion, that the collagen of intestinal 
mucosa gives up the property of rapidly being transformed into gelatin 
by boiling with water the of — and 
upon it. 
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Here may be mentioned, that after I had noticed the rapid formation 
of gelatin from reticular tissue, Mérner' made the same observations 
in ‘regard to- fish-scales. 

In several experiments I noticed that some preparations decomposed — 
more slowly than others. In these cases, the fluid proved to be alkaline, 
although the tissue had been carefully washed beforehand, until it 
gave a neutral reaction. _In the event of the reticular tissue giving an 
alkaline reaction after boiling for } hour, a few drops of hydrochloric 
acid added to the boiling fluid in a short time entirely decomposed © 
the tissue. The reticulin floats then as a fine powder in the fluid 
and gradually deposits. This action is hastened on, addition of sodium. 


_ chloride or,.as has already been stated, of ammonium acetate. 


1 think this is the reason‘ why Miss Tebb did not see a decom- 
position even after boiling for hours, namely, that she treated the tissue 


with a 1%, solution ‘of sodium carbonate before beginning her experi- : = 


ment. 

The use of very dilute hydrochloric iad instead of water has the 
advantage of hastening the process of decompusition of the reticular 
tissue and the splitting off of reticulin, and also reducing the quantity 


of water necessary. The following experiments were made with very 
dilute hydrochloric acid. 


Exp. II. Intestinal mucous membrane (pig) that had been washed, 
digested, washed, the fat extracted, and again digested and washed was put 
into 80 c.c. of water. To this was added 20 c.c. of 0-25 °/, hydrochloric acid, 
making the percentage of acid in the fluid equal to 0:05°,. This was 
boiled and the tissue was entirely decomposed in 20 min. The reticulin 
was separated into little granules and was gradually deposited. The — 
addition of sodium chloride or ammonium acetate was found to favour the 
precipitation. 

Exp. III. Intestinal mucosa (pig) that had been washed, digested, washed 
again, but the fat not extracted, was put into 80c.c. of water with the 
addition of 20 c.c. of 0-25 °/, hydrochloric acid; 20 minutes boiling decom- 
posed the tissue. The reticulin separated\in little granules, and was gradually 
deposited. The addition of sodium chl wa or ammonium acetate favoured the 

precipitation. 


This experiment excludes the possibility suggested by Miss Tebb 
that reticulin is collagen which has been changed by alcohol and ether, 
and it verifies my former statements. 


1 Zeitschrift f. physiol. Chemie, xx1v. p. 125. 
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324 STEGFRIED. 
‘Exp. IV. Intéstinal mucosa that had been thoroughly washed and | 


- extracted for 24 hours with a 1°/, solution of sodium’ carbonate, and carefully 


and thoroughly washed as above, was boiled with a 0:05 °/, solution of hydro- 

chloric acid: Even after 2 hours the decomposition of the tissue was not — 

In all these experiments I used practically the same amount of 


mucosa. 


These experiments show the ready decomposition of. digested reti- 


cular tissue when boiled with a 0-05 °/, solution of hydrochloric acid. 


CONCLUSIONS. 


1. The work of Miss Tebb does not invalidate the fact that reticular 
tissue of intestinal mucosa consists of collagen and reticulin. 


2. Reticular tissue which has been treated according to my direc- 
tions decomposes more rapidly when boiled with a 0°05°/, solution of 
hydrochloric acid than when boiled with water. 
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THE MECHANISM OF PANCREATIC SECRETION. 
By W. M. BAYLISS ayp EP H. STARLING. — 
Figures in Text.) 


‘(From the — Laboratory of University College, London.) 


CONTENTS. 
Historical. 
Experimental methods. 
The crucial experiment. 
Properties and action of 


Fate of secretin in the organism. . 
Properties of secretin-juice. 

Action of secretin on other glands. _ 

Action of other substances on the pancreatic seeretion, : 
Incidental observations on specific chemical secretes 


HISTORICAL; 


It has long been known that the activity of the pancreas is normally 
called into play by events occurring in the alimentary canal. Bernard’ 


_ .found that the pancreatic secretion could be evoked by the introduction 


of ether into the stomach or duodenum, and Heidenhain? studied the 
relation of the time-course of the secretion to the processes of digestion 
going on in the stomach and intestines. 3 

_. Our exact knowledge of many of the factors determining pancreatic 
secretion we owe to the work of Pawlow and his pupils’, who have 
shown that the flow of pancreatic juice begins with the entry of the 
chyme into the duodenum and is not excited directly by the presence of 


1 Physiologie expérimentale, 1. p. 226. Paris, 1856. 

2 Hermann’s Handbuch d. Physiologie, v. p. 188, 1883. 

3 Die Arbeit der Verdauwngsdriisen. 1898. Also Le 
travail des glandes digestives. Paris, 1901. / 
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food in the stomach itself. The exciting influence of the chyme is due 
chiefly to its acidity, and a large secretion can be brought about by the 
introduction of 0°4°/, hydrochloric acid into the stomach, whence it is 
rapidly transferred to the duodenum. Pawlow found, however, that 
other substances, e.g. water, oil, introduced into the sfomach had a 
similar, though less pronounced, effect. In each case the effect was 
produced only when the substances had passed into the duodenum. 
Pawlow has, moreover, drawn attention to a remarkable power of 
adaptation presented by the pancreas, the juice which is secreted 
varying in composition according to the nature of the food which has 
passed into the duodenum. Thus, with a diet of meat the tryptic 
ferment is present in relatively largest amount, while a diet of bread 
causes the preponderance of the amylolytic ferment, and a diet <3 milk 
or fat that of the fat-splitting ferment. 

Pawlow regards the secretion evoked by the presence of acid in the 
duodenum as reflex in origin, and ascribes the varying composition of 
the juice in different diets to a marvellous sensibility of the duodenal 
mucous membrane, so that different constituents of the chyme excite 
different nerve-endings, or produce correspondingly different kinds of 
nerve-impulses, which travel to the gland, or its se and 
determine the varying activity of the gland-cells. 

In searching for the channels of this reflex, Pawlow thas shown 
that, if proper precautions be taken, it is possible to excite a secretion 
of pancreatic juice by excitation of the divided vagus or splanchnic 
nerves. The vagus nerves, also, according to him, contain inhibitory 


fibres, 


The question as to the mechanism by which a pancreatic secretion 
is evoked by the introduction of acid into the duodenum has been 
narrowed still further by the independent researches of Popielski’ and 
of Wertheimer and Lepage*. These observers have shown that the 
introduction of acid into the duodenum still excites pancreatic secretion 


after section of both vagi and splanchnic nerves, or destruction of the 


spinal cord, or even after complete extirpation of the solar plexus. 
Popielski concludes, therefore, that the secretion is due to a peripheral 


reflex action, the centres of which are situated in the scattered ganglia 


found throughout the pancreas, and ascribes ‘special importance to a 
large collection of ganglion cells in the head of the pancreas close to 
the — Wertheimer and Lepage, while accepting Popielski’s 


1 Gazette clinique de Botkin (Russ.) 1900. 
‘ 2 Journal de Physiologie, m1. p. 885. 1901. 
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explanation of thé secretion excited from the duodenum, found that 
secretion could also be induced by injection of acid into the lower 
portion of the small intestine, the effect, however, gradually diminishing 
as the injection was made nearer the lower end of the small intestine, 
so that no effect at all was produced from the lower two feet or so of 
the ileum. Secretion could be excited from a loop of jejunum entirely 
isolated from the duodenum. They conclude that, in this latter case, 
the reflex centres are situated in the ganglia of the solar plexus, but 
they did not perform the obvious control experiment of injecting acid 
into an isolated loop of jejunum after extirpation of these ganglia. 
They showed that the effect was not abolished by injection of large 
doses of atropin, but compared with this the well-known. insusceptibility 
to this drug of the sympathetic fibres of the salivary glands. 

The apparent local character of this reaction interested us to make 
further experiments on the subject, in the idea that we might have 
here to do with an extension of the local reflexes whose action on the 
_movements of the intestines we have already investigated’, We soon 
found, however, that we were dealing with an entirely different order 
of phenomena, and that the secretion of the pancreas is normally called 
into play not by nervous channels at all, but by a chemical substance 
which is formed in the mucous membrane of the upper parts of the 
small intestine under the influence of acid, and is carried thence by the 
blood-stream to the gland-cells of the pancreas’. 


II. EXPERIMENTAL METHODS. 


All our experiments were made on dogs which had received a 
previous injection of morphia, and were anzsthetized with A.c.E. mixture 
during the course of the experiment. In order to keep the animals’ 
condition constant, artificial respiration was usually employed, a pro- 
cedure which is especially necessary when both vagi are divided, 
the anzsthetic bottle being introduced in the course of the blast of 
air from the pump. The animals had received no food for a period 
of 18 to 24 hours previously. In the earlier experiments, where 
a considerable degree of preliminary operative manipulation was re- 


1 This Journal, xx1v. p. 99. 1899. 

2 A preliminary abstract of the main results of this work was published in the 
Proc. Roy. Soc. uxrx. p. 352. 1902. The experiments, of which an account is given 
in the present paper, were completed in March, 1902, their publication being delayed by 


extraneous circumstances. 2 
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quired in the abdominal cavity, the animals were placed during the 
remainder of the experiment in a bath of warm physiological saline, 
the level of the fluid being above that of the abdominal wound. This 
method was found to keep them in such good condition throughout 
a long experiment that it was adopted as a routine practice in all cases. 
The arterial pressure was always recorded by means of a mercurial 
manometer connected with the carotid artery in the usual way. The 
pancreatic juice was obtained by placing a cannula in the larger duct 


which enters the duodenum on a level with the lower border of the 


pancreas. To the cannula was connected a long glass tube filled at first 
with physiological saline; the end of this tube projected over the edge 
of the bath so that the drops of the fluid as they were secreted fell upon 
a mica disc cemented to the lever of a Marey’s tambour, which was in 
connection, by means of rubber tubing, with another tambour which 
marked each drop upon the smoked aed of the kymograph. 


Ill. THE cane OF THE INJECTION OF ACID INTO THE DUODENUM 


AND JEJUNUM. * 


It is unnecessary to describe at length the results obtained under 
this heading. We are able to confirm the statements made by our 
predecessors. The result of injecting from 30 to 50 cc. of 04°, hydro- 
chloric acid into the lumen of the duodenum or jejunum is to produce, 


Fig. 1. Effect of injection of acid into duodenum after destruction of cord, Upper 
curve—blood-pressure. Uppermost of three lines—drops of pancreatic secretion. 
Middle line—signal marking injection of 50 c.c., 0°4°%/, HCl. Bottom line—time 
in 10”. Blood-pressure zero=level of time marker. | 


after a latent period of about two minutes, a marked flow of pancreatic 


juice. Further, this effect is still produced after section of both vagi, 
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section of the spinal cord at the level.of the foramen magnum, 
destruction of the spinal cord, section of the splanchnic nerves, or 
extirpation of the solar plexus, or any combination of these operations: 

Fig. 1 will serve as an illustration of the fact. In this case the 
spinal.cord was destroyed from the 6th thoracic vertebra downwards, 
and both vagi and splanchnic nerves were cut. At the period of time 
marked by the signal, 50 c.c. of acid were injected into the duodenum, 
about 2 minutes from the beginning of the injection the first drop 
of secretion is recorded, and a rapid series of drops commences at 
4 minutes, to last for some 3 or 4 minutes and gradually cease after 
11 or 12 minutes. 

In two or three of these experiments we noted an effect which is 
perhaps worth recording. During the injection of repeated doses of 
acid, the effect of each dose was less than that of the preceding one, 
and sooner or later a point was reached at which no effect was produced, 
even by 16°/, HCl. On now injecting into a vein about 50c.c. of 
3 °/, sodium carbonate solution a considerable flow of juice was obtained 
without any further injection of acid into the duodenum. __ 

Intravenous injection of sodium carbonate solution, without pre- 
vious introduction of acid into the gut, had no effect on the pancreatic 
secretion. 

Our experiments, therefore, confirm those of previous observers in 
so far as we find that after exclusion of all nerve-centres, except those 
in the pancreas itself, a secretion of pancreatic juice is obtained by the — 
introduction of acid into the duodenum. But, as pointed out above, 
the eaperimentum crucis of taking an isolated loop of intestine, dividing 
the mesenteric nerves supplying it, and then injecting acid into it, had 
not been performed. 

It is plain that this experiment cannot be performed on the duo- 
denum for anatomical reasons. Fortunately, however, as Wertheimer 
and Lepage have shown, the jejunum, separated by section from the 
duodenum, is also capable of exciting the pancreas to activity, when 
acid is introduced, and in this case the centre for the “reflex” must 
be in the coeliac or mesenteric ganglia. The possibility of our crucial 
experiment is given here, and the results are contained in the next 
section. 
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IV. THE CRUCIAL EXPERIMENT. 


On January 16th, 1902, a bitch of about 6 kilos-weight, which had — 
been fed about ‘18 hours previously, was given a hypodermic injection 
of morphia some 3 hours before the experiment, and during the experi- 
ment itself received A.0.E. in addition. The nervous masses around the 
superior mesenteric artery and celiac axis were completely removed. 
and both vagi cut. A loop of jejunum was tied at both ends and the 
mesenteric nerves supplying it were carefully dissected out and divided, 
so that the piece of intestine was connected to the body of the animal 
merely by its arteries and veins. A cannula was inserted in the large 
pancreatic duct and the drops of secretion recorded. The blood-pressure 
in the carotid was also recorded in the usual way. The animal was in 
the warm saline bath and under artificial respiration. 7 

The introduction of 20 c.c. of 0°4°/, HCl into the duodenum produced 
a well-marked secretion of 1 drop every 20 secs. lasting for some 
6 minutes; this result merely confirms previous work. 

But, and this is the important point of the experiment, and the 
turning-point of the whole research, the introduction of 10cc, of 
the same acid into the enervated loop of jejunum produced 
a similar and equally well-marked effect. 

Now, since this part of the intestine was completely cut off from 
nervous connection with the pancreas, the conclusion was inevitable that 


_ the effect was produced by some chemical substance finding its way into 


the veins of the loop of jejunum in question and being carried in the 
blood-stream to the pancreatic cells. Wertheimer and Lepage have 
shown!', however, that acid introduced into the circulation has no effect 
on the pancreatic secretion, so that the body of which we were in search 
could not be the acid itself. But there is, between the lumen of the 
gut and the absorbent vessels, a layer of epithelium, whose cells are 
as we know endowed with numerous important functions. It seemed 
therefore possible that the action of acid on these cells would produce a 
body capable of exciting the pancreas to activity. The next step in our 
experiment was plain, viz. to cut out the loop of jejunum, scrape off the 
mucous membrane, rub it up with sand and 0°4°/, HCl in a mortar, 
filter through cotton-wool to get rid of lumps and sand, and inject the 
extract into a vein. The result is shown in Fig. 2. The first effect is 
a considerable fall of blood-pressure, due, as we shall show later, to a 


1 Journal de Physiologie, m. p. 695, 1901. 
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body distinct from that acting on the pancreas, and, after a latent 
period of about 70 secs. a flow of pancreatic juice at more than twice 


Fig. 2. Effect of injecting acid extract of jejunal mucous membrane into vein. Explanation 

as Fig. 1. The steps on the drop-tracing are due to a gradual-accumulation of 
secretion on the lever of the drop-recorder, which fluid falls off at intervals. Blood- 
pressure zero=level of drop recorder. 


the rate produced at the beginning of the experiment by introduction 
of acid into the duodenum. We have already suggested the riame 
“secretin” for this body, and as it has been accepted and made use of 
by subsequent workers it is as well to adhere to it. 

In the same experiment we were able to make two further steps in 
the elucidation of the subject. In the first place the acid extract was 
boiled and found undiminished in activity, secretin is therefore not of 
the nature of an enzyme. In the second place, since Wertheimer and 
Lepage have shown that the effect of acid in the small intestine 
diminishes in proportion as the place where it is introduced approaches 
the lower end, so that from the last 6 inches or so of the ileum no 
secretion of the pancreas is excited, it was of interest to see whether the 
distribution of the substance from which secretin is split by acids is 
similar in extent. Fig. 3 shows the result of injecting an extract from 
the lower 6 inches of the ileum made in the same way as the jejunum _ . 
extract. The fall of blood-pressure is present, but there is no effect on 
the pancreas. Another preparation from the ileum just above this one 
also had no effect on the pancreas. A preparation from the jejunum 
below the previous one had a marked effect, but less than that of the 
loop above. The distribution of “ prosecretin,” as we have proposed to 
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call the mother-substance, corresponds therefore precisely with the 
region from which acid introduced into the lumen excites secretion 
from the pancreas. 


Fig. 3. Effect of acid extract of lower end of eum. Explanation as before. 


In reply to the objection of Pfliiger to this experiment’, we admit 

that it is difficult to be certain that all nerve-channels were absolutely 
excluded, since the walls of the blood vessels were intact, but we submit 
that since the result of the experiment was such as has been described 
it does not in the least matter whether the nerves were all cut or not ; 
_ the only fact of importance is that it was the belief that all the nore dt 
were cut that caused us to try the experiment of making an acid 
extract. of the mucous membrane and that led to the discovery of 
secretin. 

As to the further. objection of Pfliiger that it is in no way extra- 
ordinary that a body should be extracted from intestinal mucous 
membrane capable of acting as a stimulant to gland activity since there 
are many such bodies known, our reply is that. secretin, as will be 
shown more fully later on, is of an entirely specific nature ; the experi- 
ment described above shows that even from the ileum no walk substance 
can be obtained, and subsequent experiments showed that from no other 
part of the body could any body be extracted which caused secretion in 
the pancreas. And further no other substance known to us, even 
pilocarpin, which acts so powerfully on most glands, has any effect on 


1 Pfuger’s Archiv, x0. p. 88. 1902. 
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the pancreas at all comparable with that of secretin; nor has secretin 
any action on glands other than the pancreas, except perhaps tos _— 
7 on the secretion of bile. 


V. PROPERTIES AND ACTION OF SECRETIN. 


Some physical and chemical characters. Having shown that boiling 
an acid extract of the mucous membrane does not destroy its activity, 
we proceeded to test whether the reaction had ‘any effect in this way 
and found that a short boiling in either acid, neutral or alkaline solution 
was harmless. Since a preparation containing less proteid and more 
easily filterable can be made by neutralizing while boiling, our final | 
routine method of preparing an active solution for ordinary purposes is 
the following. The duodenum and jejunum are cut out, slit up with 
scissors, washed under the tap, the mucous membrane scraped off and — 
well rubbed with sand and a little 0-4 */, HCl in a mortar, allowed to 
stand under about.2 or 3 times its volume of 0°4°/, HCl for some 
minutes, the whole boiled over free flame in a porcelain dish, and’ while 
boiling brought to the alkaline side of neutrality by strong caustic soda, 
then made slightly acid by acetic acid, strained and pressed through 
muslin and filtered through paper. The solution thus obtained contains 
very little proteid, but becomes slightly turbid on cooling, partly owing 
to a trace of albumoses, but chiefly to gelatin. — 

In order to obtain a purer preparation we attempted to precipitate 
the solution by alcohol, and were somewhat surprised to find that the 


Fig. 4. Effect of saline extract of dried residue from alcoholic solution of secretin. 
_ Explanation as before. There was a certain amount of secretory. activity already 
present owing to a previous injection the effect of which stout weston Blood- 
— zero 20 mm. below time-marker. 
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active substance is soluble in alcohol, at all events in alcohol of a 
strength up to 90°/, Dr W. A. Osborne, who is engaged in investi- 
gating the chemical nature of secretin, found later that it is insoluble 
in absolute alcohol, as also in ether. Fig. 4 will serve to show the fact 
of the solubility in alcohol. A solution of secretin made as above was 
mixed with 5 times its volume of absolute alcohol, a little ether added 


to cause agglomeration of the precipitate, filtered, the filtrate evaporated 


in dryness under diminished pressure and various extracts made of the 
residue. ‘The effect of the saline extract is shown in the figure. It 
will be noticed that there is very little fall of blood-pressure. The 
alcoholic and ethereal extracts of the above residue were evaporated to 
dryness, taken up again in saline, and the facts as to solubility already 
given were made out. 

Although short boiling does not destroy it, on concentrating a weak 
solution by prolonged evaporation at atmospheric pressure the activity 
was found to disappear, this we think was due to slow oxidation, and in 
fact the activity of a strong solution is very readily abolished by weak 
potassium permanganate. Dr Osborne finds also that any attempt to 
precipitate a solution of secretin by the addition of metallic salts suoh 
as those of mercury, lead, or iron, or by phosphotungstic acid leads to 
destruction of the’ active body, since it has disappeared from both 
filtrate and precipitate. Tannin may be used, however, and a very 


Fig. 5. Effect of filtrate from precipitating secretin solution by tannin. a 


before. Blood-pressure zero: 15 mm. below time-marker. 


pure preparation may be obtained by precipitating the excess of tannin 
in the filtrate by gelatin, and the gelatin afterwards by alcohol. The 
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effect. of such a solution is shown in Fig. 5. It will be seen however 
that by this treatment alone the body causing fall of blood-pressure is 
not removed. 

Secretin is non-volatile, it does not. appear in the distillate obtained © 
by passing steam through its solution. _ 

It dialyses through parchment paper, but not readily, — 

The action of its solutions does not depend on their inorganic 
constituents, since the ash, prepared for us by Dr Osborne, has no 
effect on the pancreas. 

It is destroyed by digestion with active tryptic solutions hn one 

hour; the effect of peptic solutions is somewhat uncertain, digestion 
with enttie juice from the dog for one hour did not destroy the activity 
of a solution of secretin, but considerably diminished it. 
‘Taking these facts together it will be seen that we cannot as yet 
give any definite suggestion as to the chemical nature of secretin, its 
solubility in alcohol and diffusibility point to its being a body of low 
molecular weight; since it is not destroyed by boiling it is not a 
ferment; and that it is not of the nature of an alkaloid or diamino-acid 
is shown by the fact of its not being precipitated by tannin. 

The mode of action of secretin. In attempting to form some idea 
as to the mode of action of this body, the first necessity is to decide 
whether the substance causing fall of blood-pressure, which we shall in 


future, for the sake of brevity, call the depressor substance, is the same 


as that exciting the pancreas to secretion; the importance of this being 
because the vascular dilatation producing the fall of blood-pressure 
might be thought to be the cause of the increased activity of the 
pancreas, which organ no doubt would share in the general splanchnic 
dilatation. That this is not so, however, can be shown in several ways. 
Albumoses (Witte’s pepton) cause considerable vaso-dilatation in the 
abdominal viscera, but no secretion of the pancreas, at least not in the 
doses by which a large fall of blood-pressure is produced (5 c.c. of 5°/, 
solution). But we have been able to obtain secretin solutions acting 
powerfully on the pancreas, with minimal or zero effects on the blood- 
pressure. The mucous membrane of duodenum and jejunum is rubbed 
up with sand in a mortar without the addition of acids, this mass 
is then folded in filter-paper and extracted with absolute alcohol in a 
Soxhlet apparatus for 24 hours, the mass removed, and boiled with 
— 0:4°/, HCl, neutralized and filtered in the usual way. The effect of 
injecting this preparation is shown in Fig. 6. There is no fall of blood- 
pressure, but a powerful effect on the pancreas. eu 
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This result is to be explained by the fact that the depressor 
substance exists preformed in the mucous membrane, and being soluble 


Fig. 6. Effect of secretin prepared from mucous membrane extracted with absolute 
_aleohol (Soxhlet). “Explanation as before. Blood-pressure zero 21 mm. below 


in alcohol is extracted by that body. On the other hand prosecretin is 
insoluble in alcohol and is not converted into the soluble secretin by 
alcohol even when hot, but is left in the mucous membrane in a 
state capable of being converted into secretin by the action of acid 
subsequently. | 
There is also another way of obtaining a secretin solution free from 
depressor substance. It was found by one of us (Starling), in the 
course of a research on lymph formation, that if the aorta is occluded 
above the cosliac axis for an hour to an hour and a-half, and then the 
blood allowed free course again and the animal killed after a further 
half-hour, the epithelial coat of the small intestine is for the most part 
shed and forms a pasty mass in the lumen of the intestine. This fact 
gives us an opportunity of testing whether secretin comes from the 
epithelium or from more deeply-lying substances. The experiment was 
performed by the introduction of an obturator (consisting of a metal 
tube with an india-rubber balloon at the end) into the femoral artery. 
This was pushed up until the balloon was above the coeliac axis, the 
balloon was then distended by forcing water into the tube until 
pulsation ceased in the other femoral artery. It was allowed to remain 
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in this condition for 14 hrs., the water then let out and the obturator 
withdrawn sufficiently far to allow the circulation in the intestines to 
be reestablished. After half-an-hour the animal was killed and a 
secretin preparation made in the usual way from the desquamated 
epithelium found in the lumen of the upper part of the small intestine. 
The result of injecting this is shown in Fig. 7. The fall of blood- 
pressure is negligible, while the secretory effect is large. The slow rise 
of blood-pressure is due to a diminution in the amount of A.c.E, given, 
which had been accidentally given in too great an amount previously. 


Fig. 7. Effect of acid extract of desquamated epithelial cells from duodenum. 
Explanation as before. Blood-pressure zero=level of time-marker. 


A secretin preparation was also made from the mucous membrane 
of the same animal from which the epithelium had for the most part 
been shed, the effect being shown in Fig. 8. A very considerable fall 
of blood-pressure is produced and also a powerful secretory effect, the 
latter most probably being due to the fact that much of the epithelial 
layer had been left in situ, or, although desquamated, was held between 
the villi, and so escaped removal by the short washing under the tap to 
which the intestine was subjected before the preparation was made. 
We think, however, that the conclusion is justified that the secretin 
comes from the epithelial cells, and the depressor substance from more 
deeply lying structures, possibly the muscularis mucose. 

We had also an opportunity of investigating the effect of the de- 
squamated epithelial cells found in the intestine of a dog which had 
received repeated doses of leech extract, for the purpose of another 
research which was being carried on in the laboratory. Fig. 9 shows 
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the action of this preparation, There is here no fall of bldod-pressure 
if anything a slight rise. | 


¥ 


Fig. 8. Effect of acid extract of mucous membrane from which most of the epithelial 
cells had been desquamated. Explanation as before. Blood-pressure zero 6 mm. 
‘above time-marker, 


Fig. 9. Effect of acid extract of epithelium desquamated after injection of leech extract. 
At 4 a small dose, at B another dose of twice the amount. Explanation as before. 
Blood-pressure zero 80 mm. below time-marker. 


The independence of the two bodies, secretin and depressor sub- 
stance, is also proved by the fact already referred to, that acid extracts 
of the ileum have either no secretory effect at all, or a very feeble one, 
while the fall of blood-pressure produced by them is as great as that of 
similar preparations from. the duodenum, having a sein action on 
the pancreas. : 
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_ It may be well to mention here that we have made special experi- 
ments to test whether the action of these extracts on the pancreas is 
due to bile salts ; this is not so, bile salts have no effect on the pancreas 
when injected intravenously, and the very active preparations made 
from alcohol-extracted mucous membrane contained no bile-salts, 

) General conditions of action of secretin. So far as we have as yet 
made out this action is wonderfully independent of the state of the 
animal. It is shown equally well in a dog in the stage of digestion or 
20 hours after a meal. The height of the blood-pressure has very little 
effect, as shown by~Fig. 10. Anesthetics in all usual doses have no 


Fig. 10. Effect of ordinary secretin preparation in case of very low blood-pressure. 
Blood-pressure zero is the line immediately below that of the drop-marker. Other 
explanations as previous figures. | 


appreciable influence ; in this connection we may refer to a statement 
made by Camus', who, having found the effect of secretin diminished 
by a previous dose of chloroform ‘and abolished by a strong dose, 
- concludes that the nervous system plays a considerable part in the 
excitation of the pancreas by this substance. So far as the central 
nervous system is concerned its influence is excluded by the first 
experiments in which we injected secretin solutions, since in these the 
pancreas was cut off from the central nervous system,as well as from - 


the peripheral ganglia, except those in its own substance. With regard — . 


to these latter it is plain that we cannot absolutely deny the possibility 
of secretin acting indirectly through nerve-cells, but we submit that 
the well-known effect of chloroform as a general protoplasmic poison is 
quite sufficient to explain the results of Camus. 
_ The effect of secretin is unaltered by previous injection of atropin. 
Tn fact it is impossible to paralyse the pancreatic secretion by any dose 
of this drug. The same insusceptibility to atropin was found by 
' Wertheimer to hold good for the secretion evoked by introduction of 
acid into the duodenum. 

The relations in some other animals. All the experiments described 


1 @, R. Soc. de Biologie, 25 Avril, 1902, p. 443. 
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so far were performed on dogs, and it is of obvious importance to 
discover whether there is a similar mechanism in other animals. 


We find that secretin preparations made from the duodenum of the 
cat, rabbit, ox, monkey, man and frog are all active as regards the 
pancreatic secretion of the dog. On the pancreas of the rabbit and 
monkey we also tested secretin of the dog, rabbit, monkey and man 
and obtained positive results. We conclude, therefore, that the secretin 
of all these animals is one and the same body; we hope to extend 
the list of animals tested at a subsequent date. 

Fig. 11 is an example of the effect of secretin from the cat on the 
pancreatic secretion of the dog. | 


Fig. 11. Effect of acid extract of cat’s duodenum on dog’s pancreas. Explanation as 
previous figures. 


is its apparently & process 
of hydrolysis, mineral acids being more powerful than organic acids, 
although even boiling water has some action in this respect. The acids 
we used were hydrochloric, sulphuric, lactic, oxalic and acetic, and-found 
all effective. Carbonic acid had apparently no effect, and this is per- 
haps to be expected since it is always present in the mucous membrane 
and it is undesirable that the pancreas should be constantly excited. 


The action of stearic acid in solution in bile was doubtful, but its 


solubility even in bile is very low. Since we made the above experi- 
ments Camus has described similar ones’, in which he finds nitric, — 
phosphoric, and citric acids, in addition to those we tested, to be — 
while carbonic and boracic were ineffective. — 


1-€..R. Soc. de Biologie, 25 Avril, 1902, p. 448. 
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We have been unable as yet to obtain prosecretin in solutiom, by 
which we mean a solution in itself inactive as regards the pancreas but 
capable of becoming so when treated with acid. Extracts of mucous 
membrane made with cold water, saline solutions or alkalis of various 
strength contained no substance of this nature. 

The idea might perhaps be entertained that the production of secre- 
tin is a “vital” reaction on the part of the cell-protoplasm to the 
contact with acid. - That this is not so and that there is a definite sub- 
stance, apparently of a complex nature, and insoluble in all ordinary 
solvents, present in the cell is shown by the facts already mentioned in 
dealing with the preparation of secretin. It was then shown that boil- 

ing alcohol does not cause production of secretin, but that from mucous 
- membrane treated by it, a powerful preparation of secretin can be made 
by extracting with acid. This is a useful fact, since it enables us to 
preserve mucous membrane dried after treatment with alcohol, and 
from it we can at any time prepare an active secretin solution. Fig. 12 
is an example of the injection of a solution so prepared. 


Fig. 12. “Action of acid extract of mucous membrane which had been dried after 


dehydration by alcohol. Explanation as previous figures. Blood-pressure zero 
4mm. above time-marker, 


The fact of the existence of prosecretin is also shown by boiling the 
mucous membrane in water, and subsequent washing in cold water, to 
remove the secretin formed by the boiling water. There is a large - 
amount of prosecretin left unchanged since acid extracts of the coagu- 

PH. XXVIII. 22 
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lated material are very ‘active, while watery or saline extracts are 
inactive. Fig. 13 shows this fact. The extraction with water has, # 
will be noticed, removed nearly all the depressor substance. 

Some attempts have been made to obtain cell-juice from the mucous 
membrane by grinding in Dreefs’ mill and pressing through Kiesel- 
guhr in a hydraulic press in Buchner’s method. The prosecretin, 
however, was destroyed in the process, probably by the iron contained 
in Kieselguhr. Experiments are now in progress in which the cell-juice | 
is obtained by Rowland’s disintegrating method and the juice centri- 
fuged to get rid of cell débris: if necessary to use the press with 
Kieselguhr, this latter will need thorough extraction with acid before 


_ Fig. 13. Action of acid extract of boiled and washed mucous membrane. In this figure 


the marks on the line above the time-marker are drops of bile secreted, the other 
lines as in previous figures. Blood-pressure zero=level of time-marker. 


Prosecretin is not a calcium salt of secretin, since the addition of 
lime-water to a solution of the latter does not render it inactive. 

It is not destroyed if the mucous membrane is kept in an ice-chest 
for 24 days before treatment with acid. It is, however, like secretin, 
destroyed by digesting the mucous membrane with active pancreatic 
juice for one hour. | 


VIL ‘THE NORMAL MECHANISM, CHEMICAL OR NERVOUS? — 


In our preliminary communication we expressed the opinion that 
the discovery of “secretin” rendered necessary the repetition of certain 
experiments of Pawlow in which excitation of the peripheral end of the 
vagus caused secretion of pancreatic juice, our reason being that passage 
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of acid from the stomach into the duodenum was not absolutely ex- 
cluded in these experiments. Popielski’ in answer to our article, and 
while admitting the justice of our criticism of the above-mentioned 
- vagus experiments, states that he has been able to separate fibres from 
the vagus immediately above the diaphragm, excitation of which causes" 
a secretion from the pancreas. This secretion is stated by him to come 
on as rapidly as is the case with the saliva obtained by stimulating the 
chorda tympani nerve, and not to be affected by previous ligature of 
the duodenum below the pylorus. If this fact is confirmed it un- 
doubtedly proves the existence of nerves capable of causing secretion of 
the pancreas, and we may call to mind that we have in no way stated 
that our experiments disproved the existence of secretory nerves to the 
pancreas. So far, however, as our own experiments go we have been. 
unable to obtain secretory effect from the vagus in the neck, either 
after administration of atropin, or without atropin but after section of 
the cardiac branches of the vagus. We hope to return to the question 
of the influence of nerves on the pancreas in a subsequent communica- 
tion, and will content ourselves for the present with the statement that 

in our opinion the chemical mode of excitation, viz. by the production 
_ of secretin in the mucous membrane by the action of the acid chyme 
from the stomach upon it, is the normal one. At all events this mode 
of stimulation must take place, whether there is a concomitant nervous 
process or not, so that this latter is superfluous sas therefore improb- 
able. 

It is of interest and importance that Wertheimer has recently’ 
found that the blood coming from a loop of intestine into which essence 
of mustard had been introduced was capable of exciting the pancreas, 
and this fact seems to show that other substances besides acids, when 
acting on the mucous membrane tn situ, are able to cause the produc- 
_ tion of secretin. It is well known that ether in the duodenum causes a 

copious secretion of pancreatic juice; oil is also stated by Pawlow to 
produce this effect. Fig. 14 illustrates the action of ether. Now there 
are two possible explanations of the action of ether, and the same will 
apply, mutatis mutandis, to the case of other bodies, such as oil or 
mustard. Secretin solution introduced into. the stomach or intestine, if 
of neutral reaction, has no effect on the pancreas ; evidently then the 
wall of the epithelial cells turned towards the lumen is impermeable 
to the substance, and it would seem not impossible that the action of 


1 Centralblatt f. Physiol, xvi. p. 44. April 26, 1902. 
2 C, R. Société de Biologie, 9 Mai, 1902, p. 475. 
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_ ether and certain other substances consists in making the cells perme 
able to secretin and so rendering possible its absorption from the 
cavity of the intestine. This explanation of course presupposes the 


Fig. 14. Effect of ether in duodenum on pancreas. At A 5c.c. ether into lumen of 
duodenum. Other explanation as previous figures. Blood-pressure zero 25 mm. 
below time-marker. 


existence of secretin already in the intestine when the ether, etc. is 
introduced, and it is supported by the fact that the effect of ether is 
most marked after a number of previous injections of acid into the 
intestine. Frequently, indeed, ether has no effect at all, more especially 
when introduced at the beginning of an experiment. On the other 
hand, if secretin is introduced into the intestine, immediately after a 
previous ineffective injection of ether, there is no evidence on the part 
_ of the pancreas that it has been absorbed. The other possible explana- 
tion is, that all these bodies acting from the intestinal cavity are 
capable of producing hydrolytic change of prosecretin into secretin in the 
cells; ether, indeed, made to act on excised mucous membrane does not 
produce secretin, neither does oil; nor ether intravenously injected in 
the form of saline saturated with ether. It may, however, be necessary 
that the cells be intact and living in order that they may react to 
ether, etc. by the production of secretin. 

Naturally, if we invoke the aid of nervous reflexes, there is no 
difficulty in explaining these effects, and Wertheimer" believes that 
he has shown the existence of a nervous mechanism in the case of 
mustard by the following experiments: Essential oil of mustard painted 
on the mucous membrane caused considerable flow of secretion, but the 
same result followed if the portion of intestine had been previously 
enervated; this fact comes to the support of the ,suggestion made 
above, that secretin can be produced by other means than acids. The 
complementary experiment was then made, viz. leaving the nerves, but 


1 Q, R. Soe. de Biol. 9 Mai, 1902, p. 475. 
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putting a cannula in the vein and preventing the blood from reentering 
the circulation, the thoracic duct being also tied. In two experiments out — 
of three a marked result was obtained. In 16 further experiments the 
vagi and splanchnic nerves were cut in order to show the peripheral 
nature of the reflex, and in 4 of these a positive result obtained, but 
not very pronounced. With regard to these experiments we think it a 
matter of considerable difficulty to be certain that there is no possible 
communication of the veins of the loop with the general circulation, 
and the flow of secretion was admittedly not great, so that a wy small 
escape of. secretin would account for it. 

If we assume that the inflow of acid from the polio into the 
duodenum is the normal exciting cause of the pancreatic secretion, 
some difficulty may be felt in endeavouring to account for the 
apparently normal condition of dogs from which the stomach has 
been removed, There are however in this case two circumstances 
to be taken into consideration. In the first place, Pawlow has 
already suggested that in such cases the lactic acid always produced by 
fermentation takes the place of the norrhal hydrochloric acid, and in 
the second place it has been pointed out by Carvallo and Pachon! 
that the extirpation of the stomach can never be complete in the dog 
for anatomical reasons, and that cats on which the complete operation 
can be performed do not remain long in health. 


VIII. THE FATE OF SECRETIN IN THE ORGANISM. 


The flow of pancreatic juice produced by an injection of secretin 
does not last more than about 10 minutes, and the rapid flow not more 
than 5 minutes, so that the secretin ——— must disappear from 
the blood. 

Now if we make repeated injections of secretin it is possible to 
produce a continuous flow of juice, without apparent fatigue’, for as 
long as we have made the attempt, that is for eight hours. We thought 
it possible, therefore, that secretin might be the source of the ferment . 
or ferments of the juice, and that the pancreatic cell might not 
have very much work to do to convert it into these ferments. If this 
were so, however, it ought to be possible to obtain secretin back again, 
either from the pancreatic tissue or the juice. This we have been 

1 Arch, de Physiol. 5¢ Série, vat. p. 851. 1895. 


2 There are histological changes in the cells, and Mr Dale, who is now working at the 
subject, has been able to detect signs of exhaustion. 
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unable to do. It does not seem, therefore, that secretin disappears in 
this way. Nor is it to be found in the lymph, or urine, even after 
repeated doses. 

We think that it disappears by oxidation; it has already been 
mentioned that it is easily destroyed in this way, and it is an obvious 


means by which the necessary destruction can be provided for. 


IX. THE PROPERTIES OF THE JUICE PRODUCED BY SECRETIN. 
The juice as secreted is clear and colourless. On standing it 


becomes slightly turbid, probably owing to escape of carbon dioxide and 


precipitation of calcium carbonate. It is alkaline in reaction even to 
phenolphthalein, and it therefore owes its Peseta to carbonates and 
not bicarbonates. 

It becomes nearly solid on boiling. 

The juice obtained from an animal in the saline bath is more dilute 


than that from one on the table in the ordinary way, and at the end of 


a long experiment, in which considerable quantities have been collected, 
it is more dilute than at the commencement. This fact explains the 
results of Stassano’ as regards its diminution of proteolytic activity 
during the course of an experiment. The total solids contained in a 
specimen secreted at the commencement of a saline bath experiment 
amounted to 1°8*/,, and after the collection of 70 c.c. of juice to 1°4°/,. 
In a later experiment in which the animal was merely kept warm on 
the table the total solids amounted to 3°6 °/,, a number closely agreeing 


_with those found in pancreatic juice collected by the older methods. 


The most interesting facts are naturally those arcscie to its 
ferment action. 

On boiled starch it acts almost instantaneously, converting it to 
reducing sugar. 
On boiled white of egg, and on gelatin it has no effect, at any rate 
within 48 hours, raw fibrin is digested in about 24 hours. When a few 
drops of succus entericus, or of a saline extract of duodenal mucous 
membrane, are added to the juice it is at once converted into a very 
active tryptic fluid which dissolves fibrin in a quarter-of-an-hour. Now 
these added substances contain the body investigated in Pawlow’s 
laboratory by Chepowalnikoff* and known as — which 

1 C. R. Société de Biologie, 81 Mai, 1902. 


2 Thése. St Petersburg, 1899. See also Pawlow, Le travail des glands ss, ue 
Paris, 1901, p. 257. 
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converts inactive trypsinogen into active trypsin, as the current theory 
would express the fact. The reason why raw fibrin is slowly attacked 
without the addition of enterokinase is that it has attached to it a 
small quantity of that body derived from leucocytes, as. Delezenne 7 
has pointed out?, 

The fact that our secretin-juice is inactive, as regards its tryptic 
power, until acted upon by enterokinase, may raise a doubt as to 
whether it is to be looked upon as the normal juice. Now the juice 
used in the original enterokinase experiments was obtained from a 
permanent fistula by the introduction of acid into the stomach, and 
_ regarded by Pawlow as normal, but like the juice obtained by the 
intravenous injection of secretin was inactive until mixed with entero- 
kinase. We are justified, then, in regarding the secretin juice as 
natural in this respect. Are we, however, to look upon all naturally 
secreted juice as being non-tryptic until combined with enterokinase ? 
We think so, but are at present engaged in the investigation of this 
question, more especially as regards the nature of the influence of 
enterokinase. The old observations, such as those of Heidenhain, 
made before the discovery of enterokinase are clearly of no value in 
deciding this point, since we have no means of knowing how far 
they were obtained uncontaminated by contact with intestinal mucous 
membrane. It seems possible that stagnation in the ducts of the 
pancreas may result in activation of the j juice, but since Delezenne* 
has shown that enterokinase is contained in lymphoid tissue geprerally, 
it is quite likely that, if such stagnated juice is active, it is on account 
of its having come into contact with tissue containing enterokinase in 
small amount. 

Camus and Gley state* that the juice they obtained by Salawheine 
injection of peptone was active of itself, but it seems to us that the 
explanation may lie in the circumstance that the amount collected was 
small, and being so in all probability the secretion appearing first was 
not rejected, but mixed with the rest. But we will not discuss this 
part of the subject further since it is now under investigation. 

The fact that secretin-juice does not contain active trypsin serves to 
disprove a hypothesis as to the mode of action of secretin that occurred 
to us at the beginning of our work. Secretin might be either entero- 
kinase itself, or a body similar to it, which, on contact with zymogen 


1 G. R. Société de Biologie, 80 Mai, 1902. 
2 C, R. Société de Biologie, 14 Mars, 1902, p. 283. 


3 (. R. Société de Biologie, 7 Mars, 1902, p. 241. 
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in the gland-cells, converts it into trypsin, which might conceivably 
necessitate its immediate rejection from the cells and a formation of 
secretion. That secretin is not enterokinase is shown by the fact 
that ‘it withstands boiling, which enterokinase does’ not, and the whole 
hypothesis is overthrown by the fact that the j juice: secreted contains 
the zymogen and not. active trypsin. 

The secretin-juice contains a fat-splitting ferment, but we cannot 
as yet speak positively as to whether it is active at once, or needs an 
to make it so. 


X. THE ACTION OF SECRETIN ON SOME OTHER GLANDS. 


Salivary glands. Secretin does not excite secretion in these. In 
one experiment we noted a slow thick secretion from the. cannula in 
the submaxillary duct, but this was abolished at once on cutting the 
sympathetic on the same side of the neck. This result shows the 
caution necessary in these experiments and the absolute necessity of 
taking a blood-pressure tracing, since the explanation of the phenomena 
was given at once by the blood-pressure curve. The secretin preparation 
used contained a considerable admixture of depressor substance, and 
there can be no doubt that the fall of blood-pressure was sufficient 
to excite the nerve-centre by anemia, and so produce the flow of 
sympathetic saliva. 

Stomach. No effect, so far as we were able to make out from the 
absence of ‘gastric juice after a number of injections of secretin. 

Succus entericus. Also no effect. 

Bile. Since the secretion of bile is very much influenced by the 
blood-pressure, the depressor substance in our ordinary secretin prepa- 
ration would tend to obscure any simultaneous excitatory effect of the 
secretin itself; and on the other hand the bile-salts contained in it 
would increase the rate of secretin of bile, so that it was necessary 
to use a purified preparation. Neglect of this precaution makes the 
results of Victor Henri and Portier’ of little value. Fig. 15 shows 
the effect of a bile-free secretin preparation on both the pancreas and 
liver. 

The preparation used was made from mucous membrane which was 
ground up with sand, and extracted by several changes of alcohol in the 
cold. It was then boiled in alcohol, and a secretin preparation made in 


1 C. R. Société de Biologie, 6 Juin, 1902, p. 620. 
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the usual way from the dried membrane by extraction with acid, etc. 
The alcohol from the last extraction was evaporated to dryness, and 


Fig. 15. Action oy bile-free secretin on the secretion of bile. Upper tracing blood-pressure. 
Upper of four bottom lines—pancreatin secretion, next one—bile secretion, then signal 
and time in 10”. During the break in the pancreatic record the drops were not 
falling on the lever. Blood-pressure zero 27mm, below time-marker, 


the residue tested for bile-salts by Pettenkofer’s test with no result. It 
will be noted that there was still present a small amount of depressor 
substance, and no doubt it is owing to this that the first effect of the 
injection is a slowing of the bile-flow. In order to neutralize the effect 
of this it is advisable to count the drops for a considerable time before 
the injection, and also afterwards. In this case there were in the 
900 secs. preceding the injection 27 drops, and in the 700 secs. afterwards 
_ 42 drops, that is, the rate of secretion was almost doubled. We have 
made several similar experiments and obtained more or less acceleration 
of the secretion in all. : | 
The question arises whether the substance exciting the liver is the 
same as that exciting the pancreas. It would be appropriate that the. 
same body should perform both functions, but we must leave the 
question at present undecided. | | 
Other “ secretins.” The point raised in the last paragraph leads 
naturally to the thought that there are similar mechanisms in relation 
to other secretions. We have tested the question to some extent 
with respect to the salivary glands, stomach, and succus entericus, by 
investigating the action upon them of extracts made in various ways 
from the tongue, salivary glands, pyloric and cardiac ends of stomach, 
and various parts of the small intestine, but have hitherto obtained no 
definite results. It is quite possible that in the case of the anterior 
portions of the alimentary canal the nervous mechanism is the most 
important one. In the case of the succus entericus, according to 
Pawlow’s investigation, the pancreatic juice acts as an excitant; in our 
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language we should say then that pancreatic juice is the “secretin” for 
the succus entericus, but the subject needs further work. As regards 
the stomach, an article of interest was published recently by Popielski’, 
in which it is shown that the digestion of meat proceeds normally in 
the stomach separated from the central nervous system, and this fact 
is taken to prove that the gastric juice is secreted in response to a 
peripheral reflex from ganglia in the walls of the stomach. We regard 
it as unfortunate that the possibility of a “secretin” being produced 
was not considered, and that so good an opportunity of testing the 
hypothesis was neglected. 

Other chemical sympathies. It will suffice to call to mind the well- 
known relation between the uterus and mammary glands, as also the 
production of a lactase in the pancreatic juice of adult dogs after 
feeding with milk, and we do this to call attention to the advisability 
of a renewed investigation of these facts from the point of view aos the 
production of bodies analogous to our pancreatic secretin. 


XI. THE ACTION OF DRUGS AND OTHER EXTRACTS ON THE 
3 SECRETION OF THE PANCREAS, 


In the course of our experiments we have tested the effect of the 
intravenous injection of a large number of substances on the pancreas. 
The only bodies found to be active were pilocarpin and physostigmin, - 
as indeed has been long known. The bodies found to be inactive were 
pancreatic juice itself, succus entericus, gastric juice, extracts, neutral 
-and acid, of both ends of the stomach, peptone, ether in solution in 
_ physiological saline, various extracts of submaxillary glands and tongue, 
and of the spleen. 

As regards peptone Gley* has obtained secretory effects, but the 
doses needed were large and the effect small, 1 c.c. of juice in 5 to 
10 minutes ; the ordinary rate produced by secretin is, on the contrary, 
6 c.c. in ten minutes, and this is often exceeded. — 

Pilocarpin produces a slow secretion of a thick juice, which is stated 
to be active without enterokinase, a point on which we are engaged 
at present. The maximum flow obtained by the injection of 7 c.c. of 
1°/, solution was 10 drops in 160 secs., that is at the rate of loc. in 


1 Centralbl. f. Physiologie, xvi. p. 121. June 7th, 1902. 
2 Bull. du Muséum d’Hist. nat. m1. p. 244, 29 Juin, 1897; see also Camus atid Gley, 
C. R. Société de Biologie, 7 Mars, 1902. 
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8 minutes, since 30 drops were equal to lc.c., but only 10 drops were 
obtained in all. The secretory effect of pilocarpin, as of physostigmin, 
is at once abolished by a small dose of atropin, a drug which has no 
| influence on the secretory effects of secretin injections. : 
i On two occasions we noticed the rapid flow of. a few drops of 
- secretion on injecting curare, but since a second dose had no effect 
we concluded that this effect was due to some subsidiary cause, perhaps 
contraction of ducts or squeezing out secretion by vascular dilatation. : 
Taking all the above facts into consideration we think we are | 
justified in the conclusion that the mode of action of bodies like | 
pilocarpin and peptone is of a totally different nature from that of - 
secretin, which is a specific substance, acting only on the pancreas, and 
perhaps the liver, whereas all the other active substances produced an 
effect on all glands indiscriminately. 


XII. ON SPECIFIC CHEMICAL VASO-DILATORS. 


We took the opportunity afforded us by the preparation of extracts 
of various tissues to test the truth of a hypothesis which we have for | 


| Fig. 16. Effect of mussel extract and intestine extract on volume of limb and intestine. 
ea Uppermost curve, volume of limb; next curve, volume of ileum; lowest curve, 
blood-pressure, of which the zero=level of time-marker. A, mussel extract. ; 
B, extract of ileum. C, extract of jejunum. | 
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some time thought probable, namely, that the products of metabolism of 

certain tissues would be found to act as vaso-dilators only for certain 

tissues in functional relation to those in which they arise, or at all events 
would act to a greater degree on these tissues than on the rest of the 
body in general, 

Results were obtained which tended to confirm our view, and since 
we are unable to continue 
these experiments it is worth 
while to record here what we 

- found in the hope that the — 
attention of other physio- 
logists may be attracted to 
this question. 

In Fig. 16 is shown at A 
the effect of mussel extract, 
which is known to be a 
general vaso-dilator, dilata- 
tion is seen in both limb and 

' intestine; at B, extract of 
ileum produces dilatation in 
the intestine (ileum), the 
limb follows passively the 
fall in blood-pressure; at C, 
extract of jejunum has a 
similar effect to extract of 
ileum; there is no obvious 
difference between the effects 
of ileum and jejunum ex- 
tracts on the ileum as we 
thought there might possibly 


saison be; the contrast between 
Fig. 17. Effect of intestine extract on volume of 

kidney and intestine. Uppermost curve—volume mussel extract ~_ intestine 

of intestine, next curve—volume of kidney, extract, however, is obvious, 


lowest curve—blood-pressure, zero being28mm. In Fig, 17 the kidney is 
ee taken in place of the limb. 
Extract of jejunum causes dilatation of the intestine, and has no effect 
on the kidney. 
In both of the above experiments, which were made on Feb. 11th 
and 12th, 1902, the splanchnic nerves were cut to obviate nervous 
interference. 
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XITI. SUMMARY OF CONCLUSIONS. 


1. The secretion of the pancreatic juice is normally evoked by the 
entrance of acid chyme into the duodenum, and is proportional to the 
amount of acid entering (Pawlow). This secretion does not depend on 
@ nervous reflex, and occurs when all the nervous cdnnections of the 
intestine are destroyed. 

2. The contact of the acid with the epithelial cells of the duodenum 
causes in them the production of a body (secretin), which is absorbed 
from the cells by the blood-current, and is carried to the pancreas, — 
where it acts as a specific stimulus to the pancreatic cells, exciting a — 
secretion of pancreatic juice proportional to the amount of secretin 
present. 

8. This substance, secretin, is produced probably by a process of 
hydrolysis from a precursor present in the cells, which is insoluble in 
water and alkalis and is not destroyed by boiling alcohol. © 

4. Secretin is not a ferment. It withstands boiling in acid, neutral 
or alkaline solutions, but is easily destroyed by active pancreatic juice 
ot by oxidising agents. It is not precipitated from its watery solution 
by tannic acid, or alcohol and ether. It is destroyed by most metallic 
salts. It is slightly diffusible through parchment paper. | 

5. The pancreatic juice obtained by secretin injection has no action — 
on proteids until “enterokinase” is added. It acts on starch and to 
some extent on fats, the action on fats being increased by the addition 
of succus entericus. It is, in fact, normal pancreatic juice. 

6. Secretin rapidly disappears from the tissues, but cannot. he 
detected in any of the secretions. It is apparently not ——e* from 
the lumen of the intestine. 

' 7. It is not possible to obtain a body resembling secretin from any 
tissues of the body other than the mucous membrane of the duodenum 
and jejunum. 

8. Secretin solutions, free from bile-salts, cause some increase in 
the secretion of bile. They have no action on any other glands. 

9. Acid extracts of the mucous membrane normally contain a body 
which causes a fall of blood-pressure. This body is not secretin, and the 
latter may be prepared free from the depressor substance by acting on 
desquamated epithelial cells with acid. 

10. There is some evidence of a specific localized action of the 
vaso-dilator substances which may be extracted from various tissues. 
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THE INFLUENCE OF OXYGEN UPON THE SURVIVAL 


RESPIRATION OF MUSCLE. By W. M. FLETCHER, 


M.A., M.B., Fellow of Trinity College, Cambridge. (Three Figures 
in Text.) eee 


(From the Physiological Laboratory, Cambridge.) 


_ IN a former paper’ I gave an account of the survival respiration of 
amphibian muscle based upon determinations of the CO, discharge from 
the excised muscle at short intervals of time during various conditions 
of rest and activity. This account included some preliminary observa- 
tions upon the influence of atmospheric oxygen in determining the course 


of the survival discharge of CO,, which have been more recently ex- — 


tended by the use of the same methods of estimation. 


SURVIVAL RESPIRATION IN AN ATMOSPHERE FREE FROM OXYGEN. 


In the experiments already given under this head, the changing 
rate of CO, discharge from a muscle exposed to nitrogen for the whole or 
part of the survival period, was observed simultaneously with that from 


a similar ‘control’ muscle supplied with air. The nitrogen supplied to 


the chamber containing the excised muscle was prepared by passing air 
over red-hot copper-filings in a long combustion tube, but this cum- 
brous method in practice forbad a long series of observations and none 
were made in continuity beyond the 14th hour from excision. _ 

To confirm the results already obtained and in particular to extend 


them in the direction of the later periods, another method was used. — 


Pure nitrogen, prepared beforehand from urea, was supplied from a 
reservoir at a rate exactly corresponding with the rate of flow from the 
aspirators of the estimation apparatus. Between the reservoir and the 
experiment chamber were placed, first, a tower filled with pumice blocks 
automatically moistened with an alkaline pyrogallate solution for the 
removal of last traces of oxygen and CO,, and, second, a low-pressure 


1 This Journal, xxi. p. 10, 1898, 
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escape valve by which the nitrogen current remained at atmospheric 
pressure within the experiment chamber. By means of this apparatus 


_ it was possible to make continuous observations of the CO, discharge 


from a muscle supplied only with nitrogen, and for an indefinitely long 
time. The results obtained on this plan were in agreement with those 
already published, and for this reason a fuller account of the apparatus 
used and of the curves of CO, discharge given by the estimations appears 
to be unnecessary. 

These later, as well as the earlier, series of comparisons between the 
frog’s excised muscle exposed only to nitrogen, and the similar ‘control’ 


preparation in air, supported the following general account. 


1. The CO, output from the excised muscle during the first five or 
six hours declines in rate, at first rapidly, then more slowly, from the 


initial maximum. This output appears to be due, for its largest part, 


to the escape of CO, already present as such in the muscle at or just 
after excision, and is found to be independent of the presence of oxygen. 
2. Part of this early output, about a fifth part in the earliest period, 


and becoming progressively less, can be abolished by the removal of 


oxygen from the atmosphere, and is probably due to a respiration of 
the muscle substance continuing that of normal life but disappearing 
gradually as the changes occur which accompany loss of irritability and 
inaugurate rigor. 

In the later series of slheadiivds as in the earlier, two curves of 
discharge were simultaneously obtained from the muscle in nitrogen,— 
with a lower rate of output giving a lower curve,—and from the control 
muscle in air. As before, the initial difference always diminished, 
giving a convergence of the two curves towards the 6th hour, yet this 
convergence did not in most of the experiments lead to actual equality 
of output, as one of the earlier published diagrams shows. The actual 
meeting of the curves appears dependent on the time relations of the 
beginning of rigor and the early ‘diffusion ’ effect, in particular prepara- 
tions at particular temperatures. 

3. The steadily maintained rate of CO, output, shown from near 
the 6th hour onwards, which accompanies the earliest stages of rigor 
(Zeitstarre) in various parts of the muscle substance, was found to be 
diminished by }th—4rd, in the absence of oxygen. It was found how- 
ever that substituting nitrogen for air in the case of a muscle in which 
the CO, discharge due to rigor was already well established, did not 
reduce the discharge to the same degree, and sometimes did not reduce 
it at all. 
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In the later observations these results were extended to the whole 
period of the development of rigor. The 30°/, reduction of CO, dis- 
charge, due to the absence of oxygen, was found for the later, as 


previously for the earlier hours. So that the reduction of output — 


already shown in previous diagrams cannot be explained as marking 
simply a delay in the development of rigor, but must be taken to show 
that the processes of rigor which result in the discharge of CO, are 


partially incomplete throughout the whole survival history of a muscle _ 


supplied only with nitrogen. This diminution of the normal survival 
output is not made good at any stage later, unless it be during bacterial 
putrefaction. 

4. The traces of CO, which continue to leave a muscle in which 
natural rigor is complete, or artificial rigor has been produced, are 
unaffected by the absence of oxygen, and no constant differences were 
found between the times at which bacterial putrefaction, with its 
enormous rates of CO, discharge, showed itself in the cases of the 


- muscles in air and in nitrogen respectively. 


SURVIV AL RESPIRATION IN AN ATMOSPHERE OF PURE OXYGEN. 


It has been shown in the previous section that, in respect of one 
chemical accompaniment, natural rigor is imperfectly exhibited in a 
muscle deprived of oxygen. In’a similar way it has been found that 


the development of rigor—in respect again only of the CO, output 
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Fig. 1. Arrangement for the supply of oxygen. 
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marking it tlpeioraes exaggerated in a muscle surrounded by an atmo- 
sphere of oxygen. 

Crossed pairs of legs, prepared as in previous experiments from the 
frog, were arranged in simple chambers put side by side in a water- 
bath. One chamber containing the muscle preparation for ‘control’ 
was supplied in the ordinary way with air freed from CO,, drawn 
through it at constant rate and at atmospheric pressure by an aspirator. 
Through the other was drawn at the same rate by a similar aspirator 
a current of pure oxygen, supplied from a reservoir to which, falling 
from the aspirator, constantly flowed a bulk of water very nearly equal 
in volume per unit of time to the bulk of gas removed. The arrange- 
ment is shown in Fig. 1. Air is dissolved in the drops which fall from 
the aspirator, but the amount of contamination suffered by the oxygen 
store through the diffusion of air from the quietly incoming water at 
the bottom of the reservoir was found to be negligible. The tempera- 
ture of the oxygen reservoir was kept as constant as possible by means 
of thick non-conducting jackets packed with sawdust. With this 
precaution it was found in practice that a constant rate of flow 
(120 c.c. per hour) could be maintained at atmospheric pressure through 
the experiment chamber, and its constancy easily checked at any 
moment by timing the rate of dropping from the aspirator siphon. 
The hydrodynamic system is such that constancy of rate of flow marks 
a position of unstable equilibrium, and the necessary balancing must be 
effected by addition or subtraction of water at the regulating “* shown 
in the figure. 

Two typical experiments may be described. 


Exp. I. Two freshly caught frogs were killed at 10.30 a.m. and bled. 
A ‘crossed’ pair of the skinned legs was arranged to hang free in each of the 
experimental chambers. The chambers were plunged side by side in water 
maintained throughout at 20°5°—21°C. The volume of each chamber was 
30cc. A current of air free from CO, was started through each at 10.55 a.m. 
Pure oxygen was substituted for air in the case of one chamber at 11.45 a.m. 
and both currents were maintained at the same rate (120c.c. per hour) 
throughout the whole experiment, The number of CO, estimations made, 
the period of each, and its result are shown graphically in Fig. 2—the 
diagram being constructed on the same plan and scale as those in the previous 
paper already referred to. 

The first CO, reading began at 11.20 a.m., when the preparations, both in 
air, showed identical outputs of :13.c.c. CO, per half-hour. It may be taken 
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for granted that the output of cach during the prceding quarter of an hour 
had been at the Tate of a 20 c.c, per hour. 


*80} — in air 
min oxygen. 
gas} of oxygen 
1 
3 


after excision. 


Fig. 2. Survival discharge from ‘crossed’ pairs of legs, one in air, the other in oxygen. 


The second reading, begun at 12 noon, a quarter of an hour after oxygen 
alone had been sent to one preparation, showed an increased rate for that 
preparation, and a normally falling rate for the ‘control’ in air. The rate 
of output from the former continued to increase from this point, while the 
latter entered upon the normal ‘plateau’ of CO, production. Eleven hours 
after excision the muscle in oxygen was found to be discharging CO, at more 
than three times the normal rate. After the 22nd hour its rate of discharge 
began to sink as the completion of the rigor period approached, while that 
of the muscle in air gave a positive indication of early bacterial putrefaction 
by rising. At the 26th hour the chambers were opened. The ‘control’ 
muscle in air gave a scares smell of egihcasore while the muscle in “ee 
gave none. 


Exp. II. With similar arrangements, ‘crossed’ legs, from a large” frog, 
excised at 5.8 p.m., were placed in chambers maintained at 19°—20° 0. 
throughout and the air current started through each at 5.20 p.m. At the 
16th hour oxygen was sent to one as before. The results are given in Fig. 3. 

Here the preparations showed normal and nearly identical rates of CO, 
output up to the 16th hour, when pure oxygen was supplied to -one. 
Immediately the rate in this case rose until it was nearly double that of the 
control in air. In this experiment bacterial putrefaction began in both 
preparations at nearly the same time (after the 24th hour) but is not shown 
in the figure. 


From these and other similar experiments it is clear that the supply 
of oxygen to an excised muscle enormously increases the output of CO, 
which accompanies the early stages of rigor, and this is true whether 
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the extra supply of oxygen is brought to the muscle before the beginning 


of the rigor stages or later in their development. 


Hours 1 2 15 16 17 18 
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after excision 3 
Fig. 3. Oxygen supplied to one muscle preparation after the 16th hour. 


It may be noted in passing that bacterial putrefaction, as demonstrated 
by a rise of CO, discharge, was delayed in the case of the muscle exposed 
tothe oxygen current, in four out of five experiments in which the 


observations were carried on long enough to reach that stage. 


SuMMARY. 


1. A former account of the survival respiration of Amphibian 


muscle in an atmosphere of nitrogen has been confirmed and extended, 


by the use of a more convenient method. In particular it has been 


shown that the introductory processes of rigor which are marked by a 
steady output of CO, are partially incomplete in the absence of oxygen. 
The rate of CO, output characteristic of the gradual development of 
rigor in air is diminished by about 30 °/, in an atmosphere of nitrogen. 


2. It has been found that the normal rate of CO, discharge during 
the rigor periods for a muscle in air is always largely increased in-an 


atmosphere of oxygen, the increase ranging from 80—300°/,. 
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ON THE PRODUCTS OF THE PROTEOLYTIC ACTION 


OF AN ENZYME CONTAINED IN THE CELLS OF 
THE SPLEEN. By J. B. LEATHES, Department of 
. Pathological Chemistry, Jenner Institute, London. 


TuaT the spleen cells contain a proteolytic enzyme, which acts far 
more powerfully in an acid medium (0:2 °/, acetic acid) than either in a 
neutral or alkaline one, was recently shown by Hedin and Rowland”. 
The method employed by them to determine the degree of activity 
is fully described in their paper, and consists in the determination of 


_ the nitrogen in the filtrate from the precipitate given with tannic acid ; 


the stronger the action the more nitrogen escapes precipitation by 
this reagent. A similar if not identical enzyme was shown by them 
subsequently to be present in the cells of other organs, lymphatic 
glands, kidneys, liver, heart muscle: while in the voluntary muscles the 
enzyme found acted equally i in acid, neutral, and wketne fluids, but was 
comparatively inactive in 

In order to determine what the nature of the nitrogenous products 
of the enzyme action are, I have investigated in the first place the 


solution obtained from the action of filtered ox spleen juice, prepared as 


described by Rowland™, upon large quantities of fibrin, and secondly — 
also the fluid juice after it had been kept for some weeks at the body 
temperature under a layer of toluol without the addition of fibrin, but 
with in each case the addition of 0°2°/, acetic acid. The methods 
adopted for the separation of the various substances in solution in the 
fluid were in the main those adopted in similar investigations by Kossel 
and Kutscher®, The digestion was allowed to proceed for seven 
weeks in two cases, and for from three to four months in two others. 

The resulting fluid always contains a certain amount of insoluble 
matter, which consists in part of substances of the nature of nucleins, in 
part of hematin, in part of tyrosin crystals, and where fibrin had been 
added to the juice in part of calcium oxalate formed from the oxalate 
used in collecting the blood. This residue was filtered off. 

The filtered acid fluid containing all the soluble products of digestion | 
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gives on boiling a coagulum, which is increased in amount by the 
addition of further quantities of acetic acid, and is not all removed till 
the amount of acetic acid reaches at least 0°5°/,. This coagulum was 
filtered off. 

After removal of the coagulum the fluid still gives the biuret 
reaction, though only faintly. On testing for albumoses, by fractional 
precipitation with ammonium sulphate, it was always possible to show 
their presence, though usually only in the merest traces. In three 
samples digested for from seven to eight weeks, it was made out that 
the fraction coming down on half saturation, and consisting therefore of 
proto- and hetero-ulbumose, was considerably in excess of any later 
fraction consisting of deutero-albumoses. In the first fraction there 
was a definite though small precipitate, in the later fractions a faint 
turbidity, which on standing for 24 hours amounted only to a few filmy 
flakes. . These traces of albumoses were therefore neglected. 

The fluid was then treated with bartum hydrate in the cold so 
long as a precipitate was formed, filtered, and any excess of barium 
having been removed with sulphuric acid, concentrated to about a tenth 
of its original volume on the water-bath. On standing in the cold for 
a day the fluid turned to a thick paste of crystals, in which the forms 
characteristic for impure leucin preponderated, though tyrosin sheaves 
were also abundant. These were filtered off on the pump and the fluid — 
fractionally precipitated with silver nitrate, as done by Kossel and 
Kutscher. 

The first fraction, obtained by adding silver nitrate to the fluid 
made faintly acid to congo with nitric acid, should have contained the 
greater part of the xanthin bases present. The precipitate was however 
soluble in ammonia, and I may here say that though I have not yet 
systematically searched for xanthin bases, I have not as yet come across 
them where they might have been expected to be present. A feature 
of the method of preparing the juice is that certain organic substances 
seem to be selectively retained in the press-cake, though whether, as is 
possible, the xanthin bases are among them I cannot say. This first 
silver precipitate, after removing the silver with sulphuretted hydrogen, 
was treated with phosphotungstic acid, and the precipitate obtained 
on liberation from the acid gave the biuret reaction, but could not be 
separated in any analysable form. 

The fluid filtered from the acid silver precipitate was treated with 
more silver nitrate and then with saturated cold barium hydrate 
solution so long as a filtered sample gave a precipitate-with weak 
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ammonia, and the abundant bulky precipitate was filtered off, washed, 
and decomposed with sulphuretted hydrogen in the presence of sul- 
phuric acid. The solution thus obtained was separated into a basic 
and an acid fraction by means of phosphotungstic acid and 5 °/, sulphuric 
acid. The basic fraction, freed from these reagents by ba was 
precipitated again with silver and ammonia. The precipitate, which 
was entirely soluble in ammonia and therefore contained no xanthin 
bases, was washed and decomposed with hydrochloric acid. The acid 
fluid on concentration gave crystals, which after decolorization and 
recrystallization were dried. 


01660 gr. gave 0°2092 AgCl = 005175 31-17 
Calculated for histidin bichloride Cl=31-14°,. 


The acid fraction, not precipitated by phosphotungstic acid, was 
freed exactly from the inorganic acids and treated with copper carbonate 
on the water-bath for some hours, filtered hot, and on cooling gave an 
abundant crystallization of a copper salt having the appearance of the 
salt of aspartic acid. Recrystallized and dried in vacuo at 100°C. the 
crystals were found to contain 7°62°/, nitrogen: the anbydrous copper 
salt of aspartic acid requiring 7°22 °/,. 

The filtrate from the second silver precipitate gave a third group of 
silver compounds on addition of more silver and saturation with barium 
hydrate. These were washed with baryta water and decomposed with 
sulpburetted hydrogen and sulphuric acid, the bases contained in them 
separated by phosphotungstic acid, set free by baryta and after exact 
removal of the baryta and concentration, treated with silver nitrate. 
A precipitate of carbonate of silver was removed and the fluid concen- 
trated in the presence of calcium carbonate in order to separate the 
comparatively insoluble basic compound of arginin and silver nitrate. 
On cooling, crystals were obtained which were recrystallized several 
times, and the silver that they contained estimated as chloride. 


0'2288 gr. gave 0:0705 Ag= 30°81 °/,, 
Calculated for C,H,,.N,O, . AgNO, + 4H,O. Ag = 30°59 

After removal of the insoluble silver compounds, silver and barium 
were separated from the filtrate as sulphide and sulphate and the fluid 
treated with phosphotungstic acid. The precipitate decomposed with 
baryta, and freed from excess by carbonic acid, gave on concentrating the 
solution obtained, a smell suggesting the presence of diamines: but in 
the picrates obtained, beyond lysin and potassium, po other bases could 
be isolated either by the method of Lawrow™, or on benzoylation. The 
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picrate of lysin was converted into the bichloride and crystallized from 

alcohol. 

0°2664 gr. gave 0°3471 AgCl = 00858 Cl = 32°23 
Calculated for C,H,,N,O,.2HCl = 32°42 °/,. 

In another experiment a modification of the above procedure was 
adopted ; the fluid, after filtering and removing coagulable substances, 
was concentrated and freed from the substances that crystallized out, 
and then at once treated with phosphotungstic and sulphuric acids. 
The basic portion thus obtained yielded histidin, arginin and lysin, 
which were separated as before by the use of silver; the acids in the 
filtrate were investigated separately. 

A preliminary separation by mercuric chloride and baryta was 
effected, the object of which was to remove aspartic acid, and if present 
glutamic acid. Special experiments showed that pure aspartic acid was 
almost completely thrown down in this way (97 °/,) and glutamic acid 
nearly as completely (91°/,). The filtrate was then divided into two 
portions: one-half was treated with copper carbonate, filtered, evapo- 
rated to dryness and extracted with alcohol, and the copper salts soluble 
in alcohol separated from those insoluble in alcohol ; the other half was 
after concentration treated by Emil Fischer’s method with alcohol, and 
saturated with hydrochloric acid. The esters obtained from the latter 
were distilled in vacuo, in fractions coming over between 35° and 65°, 
65° and 85°, 85° and 100°, the second being much the most abundant. 
This fraction, saponified and concentrated, gave crystals which were 


_ fractionated. The first fraction (3°1 gr.) recrystallized from water gave 


a crop of glistening white scales with a soapy feeling, amounting to 
07 gr.: of these 4 


0-2816 gr. by Kjeldahl’s method gave NH,=22 ce. HSO,, 


N =0:0808 = 10-93 °/,. 
Leucin contains N = 10°69 °/,. 


The third fraction (1°2 gr.) recrystallized gave crystals of a different — 


- form, rosettes of small plates, much harder than those obtained from the 


first fraction, and not soapy to touch, nor scaly. | 
02482 gr. by Kjeldahl’s method gave NH, =21 H,S0O,, 
N = 0°0294 = 11°84 
Amido-valerianic acid contains N = 11°96 °/). 


The mother-liquor from which these three fractions of crystals were 
obtained was treated with copper carbonate, evaporated to dryness and 
extracted with absolute alcohol. But neither from these copper salts, nor 
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from the copper salts obtained from that half of the acids not precipi- 
tated by mercury which was not converted into esters, could I obtain 
any satisfactory crystalline preparation of the other amido acids isolated 
from this fraction of the esters by Emil Fischer, the active and the 
inattive pyrrolidin carbonic acids, although substances were present 
in each case which behaved as these acids would. Probably the 
multiplicity of the processes to which they had been submitted would 
have affected them, and it is likely that by a more direct search I may 
find them. 

To sum up therefore the cleavage products that have basi identified 
as being formed are leucin, tyrosin, amido-valerianic and aspartic acids, 
arginin, histidin, and lysin. In addition to these hematin, identified 
spectroscopically, is present in large amount in the insoluble residue, 
and to a certain extent too in solution. The digested fluid gave in every 
case the tryptophan reaction very strongly in the first instance: the 
prolonged and varied treatment, however, which was necessary for the 
isolation of the substances not characterized by any single definite 
reaction, seems to have altered this body and the residual fluids no 
longer gave this reaction. A special experiment with fresh material 
will be necessary to prove the identity of the substance in digested 
spleen juice with the substance tryptophan isolated by Hopkins and 
Cole®. 

The fact that the digested juice, at a period when albumoses are 
present in it only in traces, still contains comparatively large quantities 
of coagulable proteids, is remarkable. With regard to the coagulum 
the following points were ascertained: it dissolves readily in weak 
caustic alkalis, and even in alkaline carbonates: from the solutions it 
is reprecipitated by acids: after purification by repeating this process 
three or four times the substance contains phosphorus as well as 
sulphur: it gives the proteid reactions, biuret, Millon and glyoxylic. 

The question whether glutamic acid is formed I am not at .present 
able to answer. The methods for isolating glutamic acid are perhaps 
not very delicate. But neither by the original methods of Habermann 
and Hlasiwetz”, nor by that suggested by Kutscher® could I get 
any positive proof of the presence of this acid. 

The same applies to cystin: among the crystals to be seen in the 
insoluble products of the action of the ferment sometimes there are 
some that suggest the presence of cystin. But an ammoniacal extract 
of this residue has always failed to give evidence of this when tested 
with lead and caustic soda. The separated crystals have always readily 


dissolved in nitric acid, and any material insoluble in this reagent 
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dissolved in soda, also failed to give this reaction. An unstable sulphur 
compound, which gives up its sulphur as hydrogen sulphide to hot 
alkalis, and is soluble in ether, is present, but I am not yet in a a 
to define its nature and properties more exactly. 


CONCLUSIONS. 


The products of the action in an acid medium of the proteolytic 
enzyme found in cell juice from the spleen of oxen are the same as 
those found to be formed by trypsin in alkaline media or those formed 
by the hydrolytic action of mineral acids. 

As to the physiological significance of such an enzyme, should those 
found in the cells of other organs be similar, as is probable, the difficulty 
that the reaction most favourable to its action is an acid one cannot be | 
said to exclude the possibility of such significance till nore is known of 


the balance of molecular forces within the cell. There seem for instance 


to be grounds for the view suggested by Ehrlich that the reaction of 
the nucleus may be acid, 

Granted, however, the conditions favourable for its action, the fact 
that the products formed are identical with those formed in the extra- 
cellular digestion of proteid foods, suggests that intracellular proteid 
catabolism is essentially a reversion of what we must infer, from, our 
knowledge of the digestion of foods, to be the course of intracellular 
proteid anabolism. The same fact possibly throws light on the familiar 


_ phenomenon of starvation, where the autolysis of proteid in muscles and 


certain viscera, the spleen included, provides the heart and nervous 
system with identical substitutes for the a of the digestion of 
proteid foods. 
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A FURTHER NOTE ON THE PREPYRAMIDAL TRACT 
(MONAKOW’S BUNDLE). By E. H. FRASER, M_D., 
Heriot Research Fellow, Edinburgh Cennerenty. (Nine Figures 
in Text.) 


(From the Physiological Laboratory, University of Edinburgh.) . 

A PRELIMINARY note with regard to this bundle, which was found 
degenerated in two animals experimented on for other purposes, 
appeared in the Proceedings of Physiol. Soc. July 1901’. In these 
cases the lesion was situated in the pons, and the tract was found 
degenerated throughout the entire length of the cord. Some further 
experiments have been made with the object of more exactly deter- 
mining the origin, course, and termination of the fibres composing this 
strand, about which there is still much uncertainty. 


A great deal of work has been done on this bundle since Monakow 
first described it (as the aberrant lateral colwmn strand) in 1883. 


Marchi (1891) suggested a cerebellar origin for its fibres, finding 


these affected after a lesion in the cerebellum. Boyce (1895), after 
hemisection of the mid-brain, between anterior and posterior corpora 
quadrigemina, found degeneration in Forel’s decussation and traced 
this down into the spinal cord as the lateral column tract. Bechterew 
(1897) stated that a lesion in the optic thalamus was followed by 
degeneration of Monakow’s bundle. Sakowitch (1897) supports this 
view. He found that lesions quite restricted to the optic thalamus 
caused degeneration in this strand. Munzer and Weiner (1898) 
describe this bundle as degenerated after injury to the anterior corpora 


quadrigemina in the pigeon; they therefore regard its cells of origin 


as situated in this part. Redlich (1899) destroyed both optic thal- 
amus and anterior corpora quadrigemina without being able to trace 
any degeneration in Monakow’s bundle. He found, however, that 


hemisection of the mid-brain produced degeneration, as nuted by 


Bryce. Probst (1899) made use of a special instrument to destroy 
| 1 This Journal, xxvm. 
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the optic thalamus; no degeneration resulted in the prepyramidal 
tract. When, on the other hand, the red nucleus was injured, marked 
degeneration followed. Thomas (1899) voted the presence of this 
strand, and suggested the name ‘prepyramidal tract’ for it. van 
Gehuchten refers to Pavlow (1900) as having met with bilateral 
degeneration of Monakow’s bundle after unilateral injury to the 
mid-brain. van Gehuchten himself, states that the fibres of Forel’s 
decussation pass into the lateral columns of the cord, “where they 
take a part, at least, in the formation of Monakow’s bundle.” Pavlow 
(1900) destroyed the red nucleus from the lateral aspect of the mid- 
brain and got definite degeneration of this tract; he traced collaterals 
into the grey matter of the cord but was not able to say where they 
ended. Probst (1900) found both afferent and efferent fibres in 
-Monakow’s bundle. He was able to confirm the origin of its fibres 


from the red nucleus, and traced collaterals to the anterior horn cells ~ . 


in the spinal cord. Wallenberg (1901) inclines to the view that 
some, at least, of the fibres of the prepyramidal tract are derived 
from cells in the posterior part of the optic thalamus. Collier and 
Buzzard (1901) support Probst’s description of ascending fibres in 
this tract. They incline to a double origin for the descending fibres, 
partly from the red nucleus and partly from the grey matter near 
the dorsal commissure. They point out that the prepyramidal tract 
mixes with the crossed pyramidal below the cervical region of 268 
spinal cord. 

For the present work two monkeys and five cats were examined. 
Lesions were produced at different levels from the optic thalamus to 
the decussation of the pyramids. A fine-pointed galvano-cautery was 
used, in each case, to produce the injury. When the lesion was to 
be established in the medulla oblongata or pons the cautery was 
introduced between the occipital bone and the first cervical vertebra, 
the posterior occipito-atlantal ligament having been divided; quite 
enough room could be obtained in this way without trephining the 
occipital bone. If the corpora quadrigemina or optic thalamus were 
aimed at, the parieto-occipital region of the skull was exposed and 
trephined, It was then found easy (after a little practice) to slip 
the cautery along the upper surface of the tentorium, ossified in the 
cat, and to plunge it into the desired spot; measurements as to the 
distance to which the instrument should be passed being made on 
formol-hardened brains at the time of the operation. It was found 
unnecessary to remove the occipital lobe, as this could be raised from 
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the tentorium on a director and the cautery slipped below this: in one _ 


or two of the earlier cases this lobe was cut off, hemianopsia, of course, 
resulting. In all cases the animals recovered quickly from the opera- 
tion, the wounds invariably healing by first intention. The animals were 
allowed to live from 15 to 20 days after the operation and were then 
killed by an overdose of chloroform. The brain and cord were at once 
removed and prepared by Marchi’s method to show the resulting 
degenerations. In one or two cases the animal was injected with 
Miiller’s fluid immediately after death in order to hasten the hardening 
process by filling the vessels in the interior of the brain. . 

_ In monkey 1 the lesion affects the dorsal region of the upper part 
of the pons and extends beyond this, tunnelling in the tegmental region 
of the posterior corpora quadrigemina; not, however, reaching quite 
as far forward as the site of the red nucleus (Fig. 1). The position 


of the lesion in the pons has caused marked ascending and descending 
degeneration in the posterior longitudinal bundle; but in addition 
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there is complete degeneration of Monakow’s bundle on the right 
side (side of lesion). The lesion has divided this strand shortly after 
its origin and it can be followed through pons, medulla oblongata, 
and spinal cord into the lowest lumbar region. The degenerated fibres 
occupy the position usually assigned to Monakow’s bundle in the 
pons, being in close relation to the superior olive; passing into the 
medulla oblongata they lie in its antero-lateral region in contact with 
the nucleus lateralis to which many collaterals pass. In the spinal 
cord the bundle appears to lie distinctly anterior to the crossed pyra- 
midal tract (“ prepyramidal tract,” Thomas), no mingling of the fibres 
seeming to occur at any level of the cord. Entering fibres pass freely 
to the central grey matter of the cord in the cervical region; they 
enter the lateral aspect of the grey matter (lateral horn) and then 
turn forwards towards the anterior horn, they appear to end round 
the more posterior groups of anterior horn cells. In the dorsal region 
very few collaterals appear to be furnished to the grey matter. In 
the lumbar region entering fibres are again obvious, sweeping in from 
Monakow’s bundle, which is still prepyramidal in position, towards 
the anterior horn cells (Fig. 2). 

In monkey 2 a deep-seated lesion in the lateral part of the pons 
has divided the prepyramidal tract at this level. Descending degenera- 
tion can be followed throughout the whole length of the spinal cord, 
but there is no evidence of any ascending change in the bundle above 
the point of section. In the spinal cord collaterals are well seen 
passing into the lateral aspect of the grey matter, particularly in the 
cervical and lumbar regions (Fig. 3). These fine fibres can be followed 
sweeping forwards through the grey matter to the posterior part of 
the anterior horn. In longitudinal sections of the cervical and lumbar 
cord the collaterals are seen to pass into the grey matter at right angles 
to the course of the descending bundle. 

Cat 1. In this animal the lesion destroys the right anterior corpus 
quadrigeminum and trenches on the central grey matter round the 
aqueduct of Sylvius, injuring the ascending root of the fifth nerve at 
this place. Many degenerated fibres pass across from the vicinity of 
the lesion dorsal to the aqueduct to end, apparently, in the anterior 
corpus quadrigeminum of the left side (Fig. 4). In addition other 
fibres sweep across ventral to the aqueduct into Meynert’s decussation 
to reach the opposite side; they then turn sharply downwards, lying 
just ventral to the posterior longitudinal bundle, constituting the 
anterior column tract of Boyce. Occupying this position they pass 
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through the pons and medulla oblongata to reach the spinal cord, 
in the anterior columns of which they give rise to scattered degenera- 


4 Fic. 5. 


tion; this extends into the lumbar region. There is no trace of 
degeneration in Monakow’s bundle in any part of its course, the 
lateral columns of the cord being quite free from degenerated fibres. 

Cat 2. In this animal the lesion chiefly affects the right optic 
thalamus, the mesial and posterior part of which is extensively damaged. 
Some injury is also inflicted on the left thalamus on its mesial aspect, 
and the right anterior corpus quadrigeminum is also involved in the 
lesion (Fig. 5). As the result of this extensive injury, degeneration 
is met with only in the anterior columns of the cord, where it is 
similar in position and amount to that noted in cat 1. No sign of 
altered fibres could be made out in Monakow’s bundle. 

Cat 3. The lesion in this case is situated in the region of the 
posterior corpora quadrigemina. The cautery has been plunged deeply 
through the right corpus quadrigeminum in an oblique direction 
towards the left. The main area of damage lies ventral to the aque- 
duct, the third nucleus of the right and third nerve of the left side 
are destroyed, as also the crossing fibres of Forel’s and Meynert’s 
decussations (Fig. 6). The lowest and leftmost part of the lesion has 
injured a few of the pyramidal fibres in the crus of that side so that 
a small amount of degeneration is met with in the descending course 
of the pyramidal system. On tracing the resulting degenerations these 
are found, in the pons, to affect both posterior longitudinal bundles to 
a slight extent, the more mesial fibres of each being degenerated ; 
separated from the posterior longitudinal bundles by an interval of 
healthy fibres the anterior column tracts are seen deeply degenerated ; 
in the lateral regions of the pons both Monakow’s bundles show 
profound degeneration; finally a few blackened fibres are seen in the 
pyramidal bundles of the left side. It is noteworthy that here the 
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area occupied by the degenerated Monakow’s bundle is much greater 
than in the monkeys previously described. The degeneration in these 
various strands can be followed through the medulla oblongata; but 


Fic.8. 


| 
at the level of the decussation of the pyramids the most obvious changes 
are met with in the prepyramidal tracts; the amount of degeneration 
in the anterior columns, due to the combined descending fibres of the 
posterior longitudinal bundles and anterior column tracts, being very 
much less marked. In sections through the pyramidal decussation the 
degenerated fibres from the left pyramid are seen passing across into 
the right crossed pyramidal tract, so that, below this level, they add 
slightly to the amount of degeneration appearing in the vicinity of 
Monakow’s bundle. There is, however, very little difference in the 
appearance of the two Monakow’s bundles, which show almost equal 
degeneration below this level. The altered fibres in the anterior 
columns are almost restricted to the margins of the anterior median 
fissure of the cord, not showing any lateral spread along the periphery. 
In sections of the cervical cord the greater area occupied by the fibres 
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of Monakow’s bundle in the cat, as compared with the monkey, is very 
obvious; also there is very distinct invasion of the crossed pyramidal 
tract by fibres from this bundle, so that the name ‘ prepyramidal’ does 
not well apply here. Very many fibres pass fromm these degenerated 
strands to enter the central grey matter. There is very evident fine 


‘degeneration in the anterior horns, to which it is noticeable that hardly 


any fibres pass from the degenerations in the anterior columns (Fig. 7). 


‘In the dorsal region the mingling of Monakow’s bundle and crossed 


pyramidal tract is more marked; the degeneration consists of coarse 
and fine fibres. Entering fibres are scarce here but a few are seen 
passing to the grey matter. In the lumbar cord the appearances are 
interesting ; there is now no degeneration in the anterior columns but 
much fine degeneration shows amongst the anterior horn cells, especially 
round the more posterior groups of cells. This appears to be derived 
from the numerous entering fibres from Monakow’s bundle. This tract 
has changed its position somewhat and now lies in contact with the 
surface of the cord much reduced in size, but still quite distinct (Fig. 8). 

Cat 4. The lesion here lies in the lateral aspect of the lower part 
of the medulla oblongata, the intention having been to cut the pre- 
pyramidal tract before the crossed pyramidal tract had been formed © 
by the decussating fibres. Unfortunately the lesion has spread to some 
extent and has involved a portion of the crossed pyramidal tract as 
well as the meaienstoate SeeenenNe fibres (Fig. 9). There is much 


Fic. 9. 


more marked degeneration here in the posterior part of the lateral 
columns than in the previous case; also the degeneration shows more 
fine fibres scattered amongst the coarse ones. Entering fibres can be 
traced to the grey matter from the position of Monakow’s bundle, 
especially in the cervical and lumbar regions. The injury to the 
crossed pyramidal tract has masked the descending degeneration of 
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Monakow’s bundle to some extent, but this case is of value with regard 
to the question of ascending degeneration in this strand (Probst, 
Collier and Buzzard). Above the level of the lesion (te. in the 
upper part of the medulla, pons, etc.) degeneration is obvious in the 
dorsal and ventral cerebellar tracts, but none could be detected, at 
any level, in the region occupied by the fibres of Monakow’s bundle ; 


_ 80 that ascending fibres do not appear to be present, at any rate, 


in the more anterior course of this strand. In this animal chromatolysis 

was found in the cells of the left red nucleus, but no such change 

could be observed in the optic thalamus or in the anterior corpora 
quadrigemina. 

Cat 5. This animal is of interest in connection with the question 
of bilateral degeneration of Monakow’s bundle after unilateral injury. 
This was noted by Pavlow in the case of a lesion in the mid-brain; 
he ascribed it to accidental compression of the parts during the 
operation. In Cat 5 the lesion is situated in the uppermost part of 
the floor of the fourth ventricle and burrows forward for some distance 
into the posterior corpora quadrigemina. The lesion is quite restricted 
to the right side throughout, but there is very marked bilateral de- 
generation in the spinal cord, both prepyramidal tracts being affected, 
the right the more markedly. This double degeneration can I think 
be explained by the fact that the most anterior part of the lesion 
has trenched on the lowermost fibres of Forel’s decussation, so that, 
in addition to completely dividing the bundle of the right side, it has 


‘injured some. fibres-in their course to the left strand. A similar 


explanation may apply to Pavlow’s case. 


CONCLUSIONS. 


(1) The fibres of Monakow’s bundle have their cells of origin in 
the red nucleus (Held, Probst, Pavlow), not in the optic thalamus 
(Bechterew, Sakowitch, Wallenberg), nor in the region of the 
anterior corpora quadrigemina (Munzer and Weiner, Collier and 
Buzzard). 

(2) In the monkey this strand is smaller, more sharply defined, 
and more truly ‘prepyramidal’ than in the cat; in the latter animal 
there is evident mingling of the fibres of Monakow’s bundle with those 
of the crossed pyramidal tract. | 

(8) The termination of the collaterals furnished by this tract is 
connected with the more posterior cells of the anterior horn of grey 
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E. H. FRASER. 
The collaterals enter the lateral aspect of the grey matter 


and then turn forwards in this to break up around the anterior horn 
cells. (Probst, Rothman.) 

(4) The presence of ascending fibres in Monakow’s bundle, such 
as have been described by Probst and Collier and Buzzard, is not 
confirmed in the present series of experiments. 


REFERENCES. 


Bechterew. Leitungsbahnen im Gehirn und Riickenmark, p. 321. 

Boyce. Phil. Trans. Roy. Soc., p. 321. 1895. 

Collier and Buzzard. Brain, p. 177. 1901. 

van Gehuchten. Anatomie du systéme nerveux de VYhomme, 
p. 501. 1900, 

Marchi. Rivista sperim. di Freniatria, p, 357. 1891. 

Monakow. Archiv fiir Psychiatrie, xu. p. 3. 1883, 

Monakow. Neurol. Centralb., p. 265. 1885. 

Munzer and Weiner. Monatschrift f. Psychiat. und Newrolog., 
ut. p. 379. 1898, 

Pavlow. Bull. de l’Acad. Roy. Belgique, p. 159. 1900. 

Probst. Deutsche Zeitschrift f. Nervenheilkunde. (Ref. in Neurol. 
Centralb., p. 164.) 1900. 

Probst. Archiv f. Anat. und Phys.; Anat. Abth. P. 367. 1901. 


Redlich. Monatschrift f. Psychiat. u. Neurolog., v. p. 193, 


Rothman. Neurol. Centralb., p. 44. 1900. 3 

Sakowitch. Quoted in Bechterew’s ee im Gehirn 
und Riickenmark. 

Thomas. Jour. de phys. et de path. générale, p. 47. 1899. 

Wallenberg. Neurol. Centralb., p. 50. 1901. 


J 
7 
\ 
(1) 
q 2 
( 
6 
( 
] ) 
4 9 
3 ( 
By (1 ) 
4 (15) 
(1 


THE CONDITIONS OF ACTION OF THE PANCREATIC 
SECRETION. By H. M. VERNON, MA, M.D, Fellow of 
Magdalen College, Oxford. 


(From the Physiological Ozford.) 


It has long been known that the pancreatic juice secreted immediately 
after the establishment of a fistula possesses but little proteolytic 
_ power. This is owing to the fact that the ferment exists mainly in 
the condition of zymogen. Thus it was found by Lintwarew', who 
worked under Pawlow’s direction, that the addition of intestinal juice 
to pancreatic juice obtained from a temporary fistula would set free 
the ferment to such an extent as to enable it to dissolve fibrin in from 
3 to 7 minutes, instead of the 4 to 6 hours previously required. Also 
it was noticed by Vassiliew? that the pancreatic juice of dogs fed on 
a milk and bread diet had practically no proteolytic power. When, 
however, such dogs were transferred to a meat diet the proteolytic 
power immediately began to increase, and continued increasing for 
many subsequent days. Jablonsky’® obtained similar results, and he 
found, moreover, that some of the samples of pancreatic juice, on 
keeping, might double their proteolytic power, presumably owing to 
the conversion of zymogen into enzyme. 

The pancreatic juice secreted in dogs on intravenous injection of 
extracts of intestinal mucous membrane containing secretin was found 
by Bayliss and Starling‘ to be almost inactive on fibrin, but to 
develop activity on addition of intestinal juice. However, Camus 
and Gley® state that the first portion of the juice secreted is generally 
active, whilst the succeeding portions are inactive. It is probable, 
therefore, that the secretion of juice containing chiefly trypsinogen 


‘ Pawlow’ s Le Travail des Glandes Digestives (Trans. by Pachon and Sabrazés. 
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rather than trypsin is a very frequent phenomenon, and it seemed of 
interest to determine some of the conditions under which the liberation 
of the trypsin from its zymogen is probably effected in the animal 
body. 

Most of the observations to be detailed were made with extracts of 
pancreatic glands, but a few of them on juice secreted after intravenous 
injection of secretin in a dog. For this juice, and for some dog’s 
intestinal juice, obtained from the duodeno-jejunal region, I am 
indebted to the kindness of Professor Starling. The proteolytic power 
was determined by a method described in a previous paper’, and which 
is dependent on the determination of the time of digestion of a known 
quantity of finely chopped and previously swollen fibrin in °4°/, sodium 
carbonate. Examined a day after its secretion the juice was found to 
have a tryptic value of ‘79. On keeping (in the presence of chloroform) 
the activity of the juice slightly increased, the tryptic value being 1°99 
after a further three days; but it then began to deteriorate, and after 
another three days the tryptic value had fallen to 1°43. The juice, left 
to itself, therefore contained very little free ferment at any time. The 
action of enzyme-liberating agents upon it was then studied. 


The ensyme-liberating actions of enterokinase and of active trypsin 
on pancreatic juice compared. 


The action of intestinal juice in converting the trypsinogen of 
pancreatic juice into trypsin was discovered by Schepowalnikow? in 
1899. This observer found that the intestinal juice of the duodenal end 
of the intestine was much more active than that of the lower part of 
the intestine, and that it entirely lost its power in this direction if 
boiled. The action was probably due to a ferment, therefore, and this 
body has been named by Pawlow’* “entérokinase,” and aptly described 
as a “ferment of ferments.” Schepowalnikow found that the intes- 
tinal juice would also convert the trypsinogen of inactive extracts into 
trypsin, and he states that it likewise assists the action of the fat- 
splitting and amylolytic ferments, though in a less degree. These 
results have been confirmed and extended by Delezenne‘, who found 


1 This Journal, xxvt. p. 405. 

* Inaug. Diss. St Petersburg. 1899. (In Russian.) Abst. in ‘i 3 Jahresb. 1899. 
p. 378. 

3 Le Travail, etc. p. 257. 

* C. R. Soc, de Biol. tam. pp. 1161 and 1164; xiv. pp. 281, 431, 590, etc. 
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that the- activity of intestinal juice was completely destroyed at 70° 
to 75°. This author also found that aqueous extracts of the Peyer's 
patches cut out from the duodenal and jejunal regions of the doy’s 
intestine were much more active than extracts of similar amounts of 
intestinal mucous membrane cut from the immediate neighbourhood 
of the Peyer’s patches. Also extracts of mesenteric glands, and even 
of leucocytes, had a trypsin-liberating action, though inferior to that of 
intestinal juice. 

In a former paper’, the author showed that the zymogen of inactive 
pancreatic extracts could be rapidly converted into enzyme by the 
addition of a small quantity, such as 1 °/,, of an active tryptic extract. 
The greater the activity of the extract added, the greater its ferment- 
liberating power, apparently independently of the nature of the extract, 


_ or of the animal from whose gland it was made. It seemed of interest, 


therefore, to compare the ferment-liberating power of active tryptic ; 
extracts with that of intestinal juice. 

Upon the dog’s pancreatic juice above ‘mentioned the effects of 
addition of 1°/, of intestinal juice and of 1 °/, of a 75°/, glycerin extract 


of pig’s pancreas (which had a tryptic value of 124) were compared at 


room temperature. The results are given in the accompanying table, 


Ohr, ihr. Ghrs. 2days $Sdays Sdays 11 days 


2 ” ” — 15°2 12°6 — 


and though not very complete, they suffice to show that the tryptic 
extract acted considerably more rapidly than an equal quantity of 
succus entericus. The values obtained with trypsin have been corrected 
for the tryptic power of the extract added, and we see that after six 
hours the tryptic power developed in the pancreatic juice was three 
times as great as on addition of intestinal juice. This juice had no 
proteolytic power of itself, and so no correction was necessary in its 
case. After one day, and again after two days, the tryptic value 
induced in the pancreatic juice by the succus entericus was distinctly 
less than that induced by the trypsin, and even the addition of 2 or 
of 10°/, of succus entericus did not act much more favourably. Possibly 
the succus entericus had a destructive action on the free trypsin, for this 
seemed to be very unstable. Thus we see that in the case of the juice 


1 This Journal, xxvu. p. 288. 


24—2 


1 
ted 
x 
4 
iq 
ow 
i 
‘ 
is 
AS 
al 
& ok. 
ere. 
x 
~ 
7 


378 H. M. VERNON. 


mixed with tryptic extract the proteolytic power diminished by a third 
between the second and third day, and to one-seventh of its maximum 
value by the llth day. 

It has been shown in the papers above mentioned that trypsin is 
not a single chemical substance, but that it consists of a series of 
trypsins of various degrees of stability. An active extract, if kept for 
an hour at 38° with 4°/,Na,CO,, may have 70°/,. of its ferment 
destroyed. The ferment then left, however, is much more stable, and 
in the second or third hour of sodium carbonate treatment not more 
than 20°/, of it may be destroyed. The trypsin of this pancreatic juice 
was found to behave similarly, and working with the juice which, 
after three days’ subjection to the action of tryptic extract, had already 
deteriorated to a tryptic value of 12'8, it was found that on keeping 

at 38° with -4°/, Na,CO,: | 


50°0°/, of ferment was destroyed per hour during 0— 30 mins, at 38°. 
28° 6 / 0 ” ” ”» ” 2 30— 60 ” » 
148 99 ” ” ” 60—140 ”» ” 


If the juice had been tested when at its maximum activity doubtless 
the destruction rate would have been not far short of 70 °/,. 

In the observations made by Schepowalnikow and by Delezenne 
the pancreatic juice and succus entericus were mixed together, and 


immediately allowed to digest tubes of coagulated albumin (in accord- — 


ance with Mett’s method) or fibrin. Schepowalnikow found that 
the fibrin was dissolved three or four times as fast by pancreatic juice 
containing 1 to 10°/, of succus entericus as by pure pancreatic juice, 
whiist it would digest 4mm. of coagulated albumin. The pure juice, 
however, did not attack the albumin at all, so :t is evident that in this 
case the succus entericus brought about a much greater increase of 
tryptic power than that observed in the fibrin digestions. The expla- 
nation of this is probably to be found in the relative times ef digestion 
of the two proteids. The egg albumin was allowed to digest ten or 
more hours, and during the whole of this time the trypsin could have 
been undergoing gradual liberation. Probably the fibrin digestion was 
completed in a much shorter time, and so not nearly so much of the 
ferment was liberated. Thus in my own experiments I found that if 
pancreatic juice and succus entericus were mixed, and immediately 
allowed to digest fibrin, the rate of digestion was only moderately 
enhanced. For instance, on adding lc.c. pancreatic juice and ‘1 c.c. 
succus entericus to swollen fibrin and -4°/, sodium carbonate up to 
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10c.c., the digestion time was only reduced from the 256 minutes 
required by the pancreatic juice alone to 238 minutes; 1.¢., the tryptic 
value was only increased from ‘79 to 86. However, with lc.c, of 
pancreatic juice and ‘5c.c. of succus entericus, the digestion time was 
only 93 minutes, or the tryptic value was 2°47. As we shall see below, 
the comparatively slight effect of the succus entericus was due largely 
to the alkalinity of the medium in which it was acting. Thus the 
addition of active tryptic extract acted much more favourably, the 
corrected tryptic values obtained on addition of ‘01 and ‘1c.c. of active 
extract 1°/, and 10°/,) being respectively 2°16 and 8'4. 


on trypsinogen. 

The various conditions under which enterokinase and tryptic 
extract exert their action were determined upon inactive glycerin 
extracts of sheep's and of pig’s pancreas, and there is practically no 
doubt that the results so obtained hold also for inactive pancreatic 
juice. On comparing the action of the same succus entericus and 
active glycerin extract of pig’s pancreas mentioned above upon three 
different glycerin extracts (3 parts of glycerin to 1 part of water) of 
pig’s pancreas, the following results were obtained : | 


. 1% tryptic extract for 1% suceus entericus for 
: 1 day $ days 1 day 3 days 
Extract A 8°3 312 17°2 84°7 
14:4 28°4 4°7 25°8 
19°2 83°2 6°5 36°7 


We see that the results obtained are somewhat variable, the most 
rapid ferment formation being induced by succus entericus in one case, 
and by the active tryptic extract in the remaining two cases. The 
tryptic values obtained after three days’ action are roughly speaking 
the same for tryptic extract and for succus entericus, 

In the remaining experiments an extract of sheep’s intestinal 
mucous membrane was used instead of succus entericus. The two or 
three feet of intestine immediately below the stomach were removed a 
few minutes after death, washed out with water, and the mucous 
membrane scraped away with a scalpel. This membrane was weighed, 
and for each gram were added 3 c.c. of glycerin and 1 c.c. of water. 
After remaining in contact for two months the glycerin was filtered off 
from the mucous membrane, and the enterokinase contained in it seemed 
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to retain its properties undiminished for months. It was, in fact, 
a distinctly more active preparation than the succus entericus previously 
used. 

In order to determine and compare the conditions of action of 
enterokinase and of active trypsin upon trypsinogen, volumes of 1 c.c. 
of an inactive glycerin extract of sheep’s pancreas were run into test 


tubes, together with 2 c.c. of water, less the volumes of other liquids - 
to be added. The required quantities of intestinal or tryptic extract — 


(generally diluted ten times for convenience) and of alkali or acid were 
then added, and the tubes were placed for exactly an hour in a water- 
bath at 38°. The tryptic value induced in each of them was then 
determined in the ordinary way. The values so induced in the presence 
of various percentages of alkali and acid are given in the accompanying 
table. 


1 c.c. of glycerin extract of sheep’s pancreas kept 1 hour at 38° with 
T. induced induced 
‘01 c.c. intest. ext. only 49 ‘01 c.c. active tryptic ext. only 58 
66.6. ,; 10°8 
‘1 oc. acting in )} in 
‘les. ,, 6°5 Olec. ,, ” ‘i » 5°7 
‘loc. ,, 5 10 Olocc. ,, 5°4 © 
Mloc. ,, 0°0 
166, 1-7 Olcc. ,, 025 ,, HCl 3°0 
‘lec. ,, 00 Olec. ,, 1°2 


As a rule, ‘1 ec. of intestinal extract, or ‘01 c.c. of active tryptic 
extract, was used, the values obtained with this latter extract being of 
course corrected for the trypsin so added. When nothing else was 
added, we see that ‘01 cc. of tryptic extract caused more liberation 
of ferment than ‘01 c.c. of intestinal extract, though not so much as 
‘lec. of it. The addition of 5 c.c. of intestinal extract liberated 
nearly the whole of the ferment, as the extract used, when kept 10 days 
at room temperature with intestinal extract, developed a tryptic value 
of only 12°7. The presence of sodium carbonate produced strikingly 
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different effects. upon the two ferment-liberating agents. Thus active . 
tryptic extract acted almost equally well in all strengths of sodium 
carbonate from ‘05°/, up to °6°/,, though in no case, apparently, did it 
act quite so well as when no alkali was added at all.. The influence 
of intestinal extract, on the other hand, seemed to be slightly enhanced 
by the presence of ‘05 °/, Na,CO,, but even *] °/, Na,CO, to some extent 
retarded it, whilst higher concentrations almost completely paralysed it. 
With ‘2 and 3°/, Na,CO, tryptic values of 1°1 and 1:0 were obtained, 
but the glycerin extract of zymogen, when kept at 38° for an hour with 
water alone, developed a tryptic power of ‘96, or contained a very small 
quantity of free ferment. The experiments made with sodium carbonate 
and only ‘01 c.c.—not ‘1 c.c.—of intestinal extract, had been carried 
out a few weeks earlier, when the glycerin extract of zymogen contained 
no free ferment whatsoever, hence we see that in ‘17°/, Na,CO, the 
intestinal extract was able to exert a slight ferment-liberating action, 
but in *4°/, Na,CO,, none at all. 

_Enterokinase likewise seemed more sensitive to small quantities of 
hydrochloric acid than did active trypsin. Thus in the presence of 
025°/, HCl the action of the enterokinase was reduced to a fifth, but 
that of trypsin only toa half. However, ‘01°/, HCl seemed to be without 
action on enterokinase. It should be mentioned that Schepowalnikow 
found that intestinal juice acted best on pancreatic juice in neutral 
or slightly acid solutions, though as I have not obtained access to 
his original paper I cannot say how far our results are in agreement 
beyond this brief statement. 

In the other observations made upon this glycerin extract t of zymogen 


_ the differences exhibited by the two ferment-liberating agents were but 


slight. In the presence of small quantities of ox bile — acted in the 
following manner. 


T. induced T. induced 
‘1 ¢.c, intestinal extract only 7°85 || Olc.c. tryptic extract only 5°8 

” + bile » +05 ¢.c. bile 6°4 

pe 5, 26.6. ,, 5:3 
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Here we see that in each case the addition of -05.cc. of bile caused 
a slight increase in the amount of ferment liberated, whilst in the 


case of the intestinal extract, -1c.c. likewise seemed to be favourable. — 


Probably this influence of a small amount of bile is in some way 
connected with its slight alkalinity. The glycerin extract of zymogen 
used was distinctly acid, and the neutralisation of this acidity might 
enable the ferment-liberating agents to act more advantageously. Thus 
the addition of both ‘05°/, Na,CO, and of ‘2c.c. bile caused a dis- 
tinctly smaller liberation of ferment than the addition of either agent 
alone. 

Other observations on the action of enterokinase and of active 
trypsin were made upon glycerin extracts of pig's pancreas, and with 
confirmatory results. _However, the effects produced were not so 
striking, as the extracts used already contained a certain amount of free 
ferment. As before, ‘4 °/, Na,CO, entirely prevented the action of 


enterokinase (succus entericus being used in this instance), whilst it did 


not retard the action of tryptic extract. Also the addition of *1 c.c. of 
bile, acting with “1 c.c. of intestinal extract, induced a slight rise in 504 
tryptic value attained ; «¢., from 10°0 to 10°9. 

The question arises as to the manner in which the sodium carbonate 
acts in retarding the ferment-liberating activity of enterokinase. Does 
it definitely destroy this body, or does it only temporarily paralyse its 
action? This latter surmise seems to be the correct one. Thus working 
with another glycerin extract of sheep's pancreas, which, kept 1 hour at 
38° with ‘1 c.c. of intestinal extract, developed a tryptic power of 9°4, 
it was found that if the intestinal extract used had been previously 
kept at 38° for 14 hours with an equal volume of ‘2°/, Na,CO,, and 
then neutralised by hydrochloric acid before adding to the zymogen, it 
still induced a tryptic power of 9°8. When kept for 14 hours at 38° 
with an equal volume of ‘4 °/, Na,CO,, and then neutralised, it induced 
a tryptic power of 97. Thus the enterokinase had undergone no 
destruction whatever, and, once the alkali was neutralised, exerted its 
influence in undiminished degree. The action of hydrochloric acid 
appears to be partly a paralysing and partly a destructive one, for on 
keeping some of the intestinal extract with an equal volume of ‘2°/, 
HCl for 14 hours at 38°, and neutralising with sodium carbonate before 
adding to the glycerin extract of zymogen, the tryptic value induced 
was 5°4, or not much more than half as great as that attained in the 
control experiment. Again, in the case of another glycerin extract of 
sheep's pancreas, the addition of ‘1 c.c. of intestinal extract induced a 
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tryptic value of 6°0. Other portions of intestinal extract kept for 14 
hours at 38° with equal volumes of 05, ‘1, and ‘2 °/, hydrochloric acid, 
and then neutralised, induced tryptic values of respectively 5°6, 4°8, and 
3:1. Thus the amount of enterokinase —" varied closely with 
the degree of acidity. 

With regard to the relative amounts of ferment set free in the 
intestine of the normal animal by the agencies of enterokinase and of 
active trypsin, it is not possible to do more than hazard conjectures. 
Probably the tryptic value of a concentrated pancreatic juice secreted 
in a healthy dog on a meat diet would not be inferior to that of the 
glycerin extract of pig's pancreas used in the above experiments. Once 
some of this active juice were secreted, the free trypsin in it would 
liberate any of the ferment still present in the form of zymogen, and so 
the succus entericus would have but little work to do in this direction. 
After a long-continued bread and milk diet, however, when the juice 
secreted contained little or ‘no free trypsin, the succus entericus would 
be a highly important agent in initiating the liberation of ferment, 
though this liberation would not occur with any speed unless the 
intestinal contents were of neutral or only faintly alkaline reaction. 
This ferment, once set free, would then of itself continue the process 
with ever-increasing rapidity, and this independently of the degree of 
alkalinity of the intestinal contents. However; it must be borne in 
mind that neither active trypsin nor succus entericus has the power of 
liberating the ferment from its zymogen at anything approaching the 
speed with which hydrochloric acid converts pepsinogen into pepsin. 
Thus Langley and Edkins' observed that at 20° C. nearly all of the 
pepsinogen in an aqueous extract of cat’s mucous membrane was cop- 
verted into pepsin in 60 seconds by ‘1°/, hydrochloric acid. In the case 
of trypsinogen, the time of complete conversion to trypsin, even at 38°, 
isone of minutes, or even of hours, rather than of seconds*. It is, in fact, 
adapted to the long-continued presence and slow digestion of the food 
in the intestine, just as the rapid liberation of pepsin is adapted to the 
short. stay of the food in the stomach. 


The comparative stability of trypsinogen. 
_ It is generally assumed that zymogens are always more stable than 
enzymes, and though Langley* has shown that this generalisation is 


1 This Journal, vii. p. 403. 1886. 
* For further data see this Journal, xxvu. p. 291. 1901. 
1882. 
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true for pepsinogen and pepsin, no evidence has hitherto been obtained 
with regard to trypsinogen and trypsin. In order to obtain such 
evidence an inactive glycerin extract of sheep’s pancreas was diluted, 
either with three volumes of water, or three volumes of sodium 
carbonate of such strength as to give solutions containing °1, ‘2, or *4°/, 
of the alkali. These solutions were then kept at 38° for 2 or for 8 
hours, and on cooling, 02 c.c. of intestinal extract was added for each 
c.c. of zymogen extract taken, so as to liberate the enzyme. From 
previous experiments it was concluded that all the zymogen present 
would be converted into enzyme by the end of four days; but other 
control experiments showed that—in confirmation of the observations 
described above—the presence of sodium carbonate might delay the 
completion of the ferment-liberating action of the enterokinase to 
beyond this period. This delay is well shown in the results given 
_ in the accompanying table, which were obtained with another glycerin 
extract of sheep’s pancreas. 


-++ intestinal extract T. after 2 days T. after 4 days T. after 9 days 


In Heng only 15°0 15°4 15°2 


11°0 


These data show that, in the presence of water alone, almost. all the 
ferment was liberated in 2days. In ‘1 °/, Na,CO, almost all was liberated 
in 4 days, but in 4 °/, Na,CO,, a quarter of the zymogen still remained 
unconverted at the end of a similar period. _ 

As all the estimations to be described were made after 4 days’ 
treatment of the zymogen with intestinal extract, the amounts of 
zymogen still unconverted in the alkaline solutions were corrected for. 
The corrected values, showing the percentages of zymogen destroyed 
after respectively 2 and 8 hours at 38°, are given in the left half of the 
accompanying table. Here we see that apparently about 30°/, of the 
zymogen was destroyed by the alkali in 2 hours, and about 50°, in 
8 hours. Similar observations made upon some of the same glycerin 
extract, in which all the zymogen had previously been converted into 
enzyme by addition of intestinal extract, are recorded in the right half 
of the table. These results show that over 50 °/, of the free enzyme 
was destroyed in 2 hours by the alkali, and over 80 °/, in 7 hours, The 
zymogen is therefore distinctly more stable than the enzyme in its 
reaction to dilute sodium carbonate, though the difference is not so 
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great as one would expect. In the case of dilute hydrochloric acid, 
however, the difference is more striking, for the values given in the 


in 2 hours in 8 hours in 2 hours in 7 hours 
By N 29°3 472 56°7 
le 84:9 51-7 51-0 80-9 
29°6 48°7 §8°1 
By water 43°4 49°5 
»» 05%, 11°5 45°4 52°0 


lower half of the table show that three or four times as much of the 
free enzyme as of the zymogen was destroyed in similar periods of 
exposure to a temperature of 38°. In ‘05 °/, HCl, the destruction rates 
of the enzyme were very little greater than in water only, but it 
is to be remembered that pancreatic extracts themselves are always 
distinctly acid, though this acidity is due almost entirely to organic 
acids. . 

In all probability the zymogen is considerably more resistant to the — 


action of sodium carbonate than the above figures indicate, for there 


is a very potent source of error which it is practically impossible to 
eliminate. This arises out of the fact that the zymogen undergoes a 
slow conversion into free enzyme during the whole time it is kept at 
38°, and of course this enzyme, once set free, begins to undergo a rapid 
destruction. Probably in the present series of observations the amount 
of ferment so liberated and destroyed was not very great, for in the 
observations made with ‘05 °/, HCl, the total amount of zymogen and 
liberated enzyme destroyed in 8 hours was only 169 °/,. Still it is 
possible that the enzyme is liberated more rapidly in the presence of 
dilute alkali than in dilute acid. A further series of observations was 
made with another glycerin extract of sheep’s pancreas, in which control 
experiments showed that there was a fairly considerable liberation of 
enzyme from zymogen during the periods of exposure to water or 
alkali at 38°. Consequently, the apparent differences in the stability 
of zymogen and enzyme were less even than those given in the above 
table. For instance, the apparent amounts of zymogen destroyed after 
9 hours’ treatment at 38° with water, ‘1 °/, Na,CO,, and ‘2°/, Na,CO,, 
were respectively 32°5, 55°4, and 643°/,; whilst in the case of the free 
enzyme, after similar treatment for 2 instead of 9 hours, the amounts 
destroyed were respectively 31:0, 47°8, and 50°3 °/,. 

The stability of trypsinogen, as compared with trypsin, combined 
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with the fact that the pancreatic juice, as secreted in the normal 


animal, contains very frequently the former body rather than the latter, 


are obviously factors of considerable importance in the determination of 
the conditions of digestion in the intestine. Arguing from the fact that 
an inactive pancreatic juice is usually secreted on a bread and milk 
diet, but an active one on a meat diet, Pawlow’ suggests that this 
state of affairs is really one of adaptation of means to ends. Thus 
Hanicke? has found that a juice containing only the zymogen of trypsin 
will retain its ferment activity for hours if kept at body temperature. 
If however intestinal juice be added, so as to liberate the trypsin, the 
ferment activity, especially the lipolytic and amylolytie, will rapidly be 
lost. Pawlow considers, therefore, that on a bread and milk diet the 
pancreatic juice contains but little free trypsin, in order that the 
lipolytic and amylolytic ferments may be able to exert their full powers. 
Later, the trypsin is set free by the action of the enterokinase, but then 
the other two ferments are protected by the bile and the proteids of 
the food. 
Doubtless Pawlow’s views have much to be said for them, but as it 
seems very probable that even on a meat diet the pancreatic juice may 
contain considerable quantities of unconverted zymogen, we may suppose 
that this frequent presence of zymogen is bound up with the comparative 
stability of the body, as compared with trypsin. If all the trypsin were 
liberated at once, four-fifths of it would be destroyed in the first three 
or four hours aftcr secretion, and so the initial stages of digestion would 
be very rapid, and the later stages very slow. If, however, it were 
only gradually liberated from its zymogen, then the digestion would 
be much more even if rate, and would continue for a longer time. 


The action of trypsin in relation to alkalinity. 

It is well known that the reaction of the contents of the small 
intestine is only faintly alkaline, and at times, indeed, it may be acid 
throughout. Moore and Rockwood’, in an extensive series of obser- 
vations carried out upon rabbits, guinea-pigs, rats, cats, and dogs, fed 
upon various diets, found that though the intestine of herbivora was 
almost always alkaline, that of carnivora was frequently acid in parts, 
though this acidity was probably due only to weak organic acids. It is 
generally stated, however, that in artificial digestions trypsin acts best 


1 Le Travail, p. 26. 2 Ibid. p. 261. 
3 This Journal, xxi. p. 373. 1897. 
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in distinctly alkaline solutions. Thus Heidenhain' found ‘9 to 12°%/,. 

of sodium carbonate to be the best concentration: Kiihne? found ‘3 °/, 
to be best, whilst Stutzer* obtained equally good results with ‘25, °5 or 
1°/, Na,CO,;. I myself have always used -4°/, Na,CO,, but I pointed out‘ 
that it was not possible to fix the most favourable concentration in 
general terms. I stated that, with an active ferment extract, very 
sensitive to the destructive influence of sodium carbonate, the most 
favourable concentration might be as low as ‘2°/,, whilst with a stable 
and insensitive one, it might be as high as 1°5°/,. | 

With a view to reconciling these apparently conflicting deductions 
from natural and artificial digestions, I have made further and more 
complete series of observations, and have found that in artificial 
digestions, as in natural, the most favourable condition is one of very 
faint alkalinity. 

The fibrin used was always allowed to swell, as usual, for an hour at 
38° in 1°/, Na,CO,, in the 10 c.c. centrifugal tubes. These were then 
centrifugalised, and 6 or 8 c.c. of the liquid withdrawn. The appropriate 
amounts of water, extract, and of 2°/, Na,CO, solution were then added, 


go as to get concentrations of from ‘2 to 1:4°/, Na,CO,, and digestion 


was allowed to proceed as usual. For lesser concentrations than 
‘2°/, Na,CO,, the centrifugalised fibrin was stirred up with water, and 
centrifugalised again once, or twice, as the case might be. 

For convenience of comparison, the tryptic value of each extract 
acting in *4°/, Na,CO, was taken as 100, and the values obtained at 
other concentrations (determined in the ordinary way from the times of 
digestion of 80°/, of the fibrin) calculated as percentages on it. Such a 
quantity of extract was used as to give a digestion time of 20 to 30 
minutes in *4°/, Na,CO,, except in the case of the two feeblest extracts 
employed. In their case the digestion times with 1 c.c. of extract were 
respectively 43°0 and 77°5 minutes. From the accompanying table we 
see that the most active extract employed, a 75°/, glycerin extract of 
pig’s pancreas, had a tryptic value of 139°7 in ‘4°/, Na,CO,. In 
‘05 °/, Na,CO,, however, the digestion was much more rapid, and gave 
a value of 212; or, in comparison with the value in *4°/, Na,CO, taken 
as 100, one of 152. Intermediate values were. obtained at concentrations 
between those mentioned, whilst in 1°4°/, Na,CO, the apparent value 


1 Arch, f. d. ges. Physiol. x. p. 575. 1875. — 

2 Untersuch. a. d. physiol. Institut d. Univ. Heidelberg, 1. p. 223. 1878. 
% Zeit. f. physiol. Chem. x1. p. 207. 

4 This Journal, xxvt. p. 408. 1901. 
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was not much more than half that in ‘4°/, Na,CO,, or a third that in 
‘05°/, Na,CO,. However, a faint degree of alkalinity is distinctly 
advantageous, as the rate of digestion was considerably slower in 


rato 006% 1% 4% 14% 
Glycerin ext. pig ... 678 189-7 188 152 181 118 100 71 57 
” ” eee 63°0 86°1 118 168 168 132 100 82 67 
Alcoholext. pig ... 48:0 128 181 165 140 116 100 68 85 
» » » (ld) 148 188 59 91 8 88 100 80 172 
» Sheep... 184 64 180 156 105 108 100 101 98 


‘006 °/, Na,CO, than in 05°/,. The other glycerin extract of pig’s 
pancreas experimented with gave equally good results in ‘05 and 


‘1°, Na,CO,, but the very active extract of human pancreas, though 


it acted best in ‘05°/, Na,CO,, did not have its action enhanced to 
anything like the extent noticed with the pig’s pancreas extracts. In 
‘006 */, Na,CO,, indeed, it digested more slowly than in ‘4°/, Na,CO,. 
The first dilute alcohol extract of pig’s pancreas recorded in the table — 
responded to the different degrees of alkalinity in practically the same 
way as the first glycerin extract of pig’s pancreas, whilst the second one 
gave an entirely different result. Thus it acted most rapidly of all in 
‘4°/, Na,CO,, and then most rapidly in ‘05°/, Na,CO,. However, the 
differences observed are not very great through the whole range of con- 
centrations from ‘05 °/, Na,CO, up to 8 °/, Na,CO,, but in 006 °/, Na,CO, 
the slowing of-the digestion was very marked. In the next extract 
recorded, that of an alcoholic extract of sheep’s pancreas, the most rapid 
digestion took place in ‘05°/, Na,CO,, but the rate varied but little 
between concentrations of ‘1 to 1:4°/, Na,CO,. Lastly the values 
obtained with a comparatively inactive alcoholic extract of human 
pancreas, which have already been quoted in the above-mentioned 
paper, show that in its case the rapidity of digestion steadily increased 
with increase of concentration. : 
Taking the results as a whole, therefore, the first four series in the 
table are in fair accord with one another, and indicate that 05 °/, Na,CO, 
is the most favourable concentration, whilst the last three series are 
somewhat contradictory. These differences are partly explained by the 
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fact that the first four extracts were all very active ones, having de- 


_ struction rates of from 43 to 68°/, per hour, whilst the other extracts 


were very stable ones, with destruction rates of 5 to 15°/,, and were, 
indeed, extracts which had been kept a long time and had undergone 
great deterioration in activity. Thus the alcohol extracts of sheep and 
of pig’s pancreas had been kept in contact with their gland substance 
for respectively 4 and 16 months, and had lost respectively 64 and 73 °/, 
of their original activity. The other alcohol extract of pig’s pancreas, 
however, though it had a lesser tryptic power, had been filtered off 
from its gland substance within a few days, and had lost only 22°/, of 


_ its original activity. But for the rapid destruction of trypsin by sodium 


carbonate it is probable that the rate of digestion would as a rule be 
almost the same in all strengths of the alkali from *1°/, up to ‘8°/,. 
Thus we saw that the very stable alcoholic extracts of sheep and pig’s 
pancreas had almost the same rates of digestion throughout this range, 
whilst three out of the four unstable extracts used were greatly affected 
by the concentration of the alkali. However, it seems as if 05 °/, Na,CO, 
acted more favourably than other concentrations, apart from any question 
of destruction of ferment. 

It may be wondered how it is possible to reconcile these observations 
with those of previous observers. Probably the difference of result is 
chiefly dependent on the nature of the body subjected to digestion. 
Supposing, for instance, boiled fibrin be used instead of unboiled, 
entirely different results are obtained. Thus the bottom line of the 
above table represents the relative tryptic values obtained with some 
finely chopped fibrin which had been immersed in boiling water for 
one minute. This fibrin was swollen for an hour in 1°/, Na,CO, 
previous to digestion, but its tryptic value was only a twentieth that 
of the unboiled fibrin, when digested in ‘4°/, Na,CO,. In ‘8°/, Na,CO, 
it was digested a little more quickly than in °4°/,, whilst in smaller 
concentrations of alkali the digestion was much slower. Thus in 006 
and ‘05 °/, Na,CO, the digestion rate was only about half that in ‘4 and 
‘8*/, Na,CO,. Probably the more concentrated alkali acts. chiefly. by 


_ swelling the fibrin during the actual progress of digestion, though it 


might be thought that the previous treatment for an hour at 38° with 
1°/, Na,CO, would have already swollen the fibrin to almost its full 
capacity. The effects of previous treatment of fibrin with sodium 
carbonate are well shown by the values given in the bottom line but 
one of the above table. These were obtained with the ordinary unboiled 
fibrin used in the other experiments, but this fibrin was not swollen at 
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all previous to digestion. In “4°/, Na,CO, the apparent tryptic value 
was 24°7°/, less than that of previously swollen fibrin, and in less 
alkaline solutions the diminution of digestion rate was still greater. 
Thus in °006, ‘05, and ‘1°/, Na,CO, the average tryptic value was 
40°1°/, less than in the corresponding experiments with previously 
swollen fibrin, whilst in ‘8 and 14°/, Na,CO, it was only 14°9°/, less. — 
Obviously, therefore, the concentrated alkali must have caused the 
fibrin immersed in it to swell more rapidly than the dilute alkali, and 
so have enabled the trypsin to get to work upon it more quickly. 
Unswollen fibrin suspended in pure water is acted upon very slowly 
indeed. For instance, the tryptic value obtained under such conditions 
with the weaker glycerin extract of pig’s pancreas was only 15°8, or 
about a quarter the value (60°8) obtained with swollen fibrin in 
‘05 °/, Na,CQ,. 

It is impossible, therefore, for many reasons, to fix the most favour- 
able concentration of alkali in any general terms, but it seems highly 
probable that in the animal body at least a very slight degree of 
alkalinity is best suited to the action of the highly unstable trypsin 
of the pancreatic juice. Thus the proteid which it has to dissolve has 
already been thoroughly swollen in the stomach by the action of the 
hydrochloric acid, and: so is in a very favourable condition for solution, 
once the acid contained in it is neutralised. 


The action of trypsin in relation to bile. 
~ The evidence concerning the influence of bile in tryptic digestion 
is somewhat contradictory, for whilst the addition of bile to pure 
pancreatic juice seems as a rule to increase its activity, the addition 
to pancreatic extracts often retards digestion. Thus Rachford and 
Southgate’, and later Rachford® alone, found that the addition of 
fresh rabbits’ bile to fresh (diluted) rabbits’ pancreatic juice increased 
the proteolytic activity of the juice by about a fourth. Bruno’, who 
worked with dogs, obtained even more striking results, for he found 
that if pancreatic juice were mixed with an equal volume of bile, 
or with a half or a quarter\as much (the total volume in these latter 
instances being made up to two volumes by the addition of boiled 
pancreatic juice), its proteolytic power—as determined by Mett’s 
1 Medical Record, p. 878. 1895. 


2 This Journdl, xxv. p. 165. 1899. 
8 Arch. d. Sci. Biol. vu. p. 87, 1899. 
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method—was on an average 1°75 times greater than that of pancreatic 
juice mixed with an equal volume of boiled pancreatic juice. Boiled 
bile likewise enhanced the activity of the juice, though not to so great 
an extent. As regards pancreatic extracts, Chittenden and Albro’ 
have made an extensive series of observations with samples of bile and 
extracts of glands of different animals, and they found that though the 
digestive power of the extracts might occasionally be increased, the 
increment was never more than 9°/,, and on an average the effect was 
practically nil. In their experiments they used fibrin which had been 
extracted with boiling alcohol’and with ether, and had then been 
powdered. The extract was allowed to digest in neutral solution 
(except in respect of the bile added), but another series of digestions 
carried out in ‘25°/, Na,CO, showed that in alkaline solutions the 
addition of bile exerted, as a rule, a distinct retardation. 
_. The great increase of proteolytic power noticed by Bruno is — 
probably connected with the question of alkalinity. Walther* found 
that the pancreatic juice of the dog secreted under various conditions 
of diet had an alkalinity corresponding to from ‘58 to ‘73°/, Na,CQ,. 
Assuming that the pancreatic juice used by Bruno had an alkalinity 
corresponding to either ‘8 or ‘4°/, Na,CO,, then the addition to it 
of an equal volume of nearly neutral bile would diminish the alkalinity 
to ‘4 or to ‘2°/, Na,CO, Now from the values given in the table 
a few pages back, it may be calculated that as regards the first, second, 
and fourth extracts there recorded, the average proteolytic activity in 
"2, ‘4 and ‘8 °/, Na,CO, was respectively as 124: 100: 72. It is possible, 
therefore, that when pure pancreatic juice is allowed to act on co- 
agulated albumin for 10 hours the influence of the alkalinity may 
be considerably greater than this, and that it may, in fact, be chiefly 
responsible for the effect noticed by Bruno. The rest of the effect 
might be due to the favouring influence of the bile in the liberation of 
the trypsin from its zymogen. 

In Rachford’s observations, as a rule 25 to ‘92 c.c. of pancreatic 
juice was diluted with from 6 to 20 c.c. of water, and allowed to act 
for several hours on fibrin which had previously been washed with ether 
and boiling alcohol. When, however, the digestion was carried out in 
‘25 or 5 °/, Na,CO,, the proteolytic action was increased, but the addition 
of bile (about 3°/,) was now found to retard rather than to accelerate 
digestion. In neutral solutions, therefore, the favourable influence of 


1 Amer. Journ. Physiol. 1. p. 307. 1898. 
* Arch, d. Sci. Biol. vu. p. 1. 1899. 
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the bile is probably due chiefly to its slight alkalinity, which may 
act on the fibrin so as to swell it, and so in this way promote its 
digestion. 

It seemed to me worth while to make a few further observations 
upon the influence of bile, as in my method the digestion is always 
carried out upon previously swollen fibrin, or on proteid in a condition 
more closely resembling that occurring in natural digestion than was 
the product generally used by Rachford, Bruno, and Chittenden 
and Albro in their experiments. I accordingly determined the times 
of digestion of fibrin (previously swollen for an hour at 38° in 1°/, 
Na,CO,) by a glycerin extract of pig’s pancreas. This was allowed 
to act in sodium carbonate of various strengths, to which from 3 to 40°/, 
of ox bile had been added. This bile gave an amphoteric reaction with 
litmus, though it was slightly more alkaline than acid. The tryptic 
values obtained are given in the accompanying table. 


=~ Percentage of bile 

carbonate 0% 8% 10 % 20 %/, 
"025 °/, 58°4 56°4 54°6 44°0 
05 ,, 58°4 53°4 46°8 84°0 

61°2 60°3 58°3 45°4 
49-2 45°9 438 88°3 
85°4 86°8 35°83 80°9 25°7 
30°0 29°2 25-2 
Mean 48°8 455 29°8 


Here it is seen that though occasionally the fibrin was digested slightly 
more rapidly in the presence of 3°/, of bile than with none at all, yet 
the differences observed are within the limits of experimental error. 
The mean values given at the bottom of the table show that the 
addition of 3°/, of bile had practically no influence one way or the other, 
whilst 10°/, caused a slight retardation. With 20°/, and 40°/, the 
retardation was proportionately more marked. 

Whatever the strength of alkali in which the fibrin is undergoing 
digestion, therefore, it may be assumed with some degree of probability 
that the tryptic digestion of previously swollen fibrin is never accelerated 
by the addition of bile. ; 

It may perhaps be held that the results obtained by Bruno are 
entitled to more weight than those obtained in artificial digestion 
experiments, inasmuch as they were made with natural pancreatic juice. 
I do not think that this is the case, however, in view of the fact that he | 
used his juice undiluted. In the intestine of the normal animal such a 
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condition would practically never hold, and the alkalinity of the intestinal 
contents would never attain to that of pure or even of half-diluted 
pancreatic juice. It is not to be for a moment denied that the addition 
of bile may assist the digestive action of the juice. The point at issue 
is whether bile possesses a specific effect, or acts. merely in virtue of the 
properties connected with its slight alkalinity, and its power of binding 
free acids. In the case of the proteolytic ferment of the pancreatic 
juice, at least, the weight of evidence seems to me to support the latter 
alternative. 

Another agent which might be of assistance to the proteolytic 
activity of free trypsin is the succus entericus. In order to test this 
point, a glycerin extract of pig’s pancreas was used which had been kept 
_ for months after it had developed its full ferment activity, and which 
presumably contained no unconverted zymogen whatever. The tryptic 
value of this extract, by itself, was 30°7. _When 1°/, of dog’s succus 
entericus was added to the digestion tube, a value of 30°8 was obtained ; 
when 5°/, was added, a value of 28°7, and when 20°/,, a value of 27:2. 
_ Apparently, therefore, neither large nor small quantities of succus 
entericus promote the action of free trypsin upon fibrin in 4°, 
Na,CO,. 


SUMMARY. 


On comparing the ferment-liberating action of succus entericus from ~ 
the duodeno-jejunal region of the intestine of the dog with that of an 
active tryptic extract of pig’s pancreas, it was found that, working with 
a sample of dog’s pancreatic juice which contained practically no free 
trypsin, the latter agent acted considerably more rapidly than the 
former. For instance, in 6 hours at room temperature 1°/, of active 
tryptic extract had set free three times more ferment than had 
1°, of succus entericus, Upon inactive glycerin extracts of pancreas 
the active trypsin likewise exerted, as a rule, a more powerful 
ferment-liberating influence than did the enterokinase of the succus 
entericus. 

The ferment-liberating activity of enterokinase is retarded by ‘1°/, 
_Na,CO,, and almost stopped by ‘2°/, Na,CO,, whilst active trypsin can 
set free ferment in all strengths of Na,CO, from ‘05 up to ‘6°/,, almost 
as well as in neutral solutions, Also 025°/, HCl retards the action of 
enterokinase more than that of active trypsin. The addition of small 
‘ quantities of bile slightly enhances the activity of both ferment-liberating 
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agents, probably in virtue of its faint alkalinity, which neutralises the 
slight acidity of the zymogen extract. 

Enterokinase is not destroyed by the addition of sodium carbonate, 
but merely paralysed in its action. After neutralisation of the alkali 
by hydrochloric acid it will exert its ferment-liberating powers as 
efficiently as before. Dilute hydrochloric acid, on the other hand, has 
a destructive action on, the enterokinase, as well as a paralysing one. | 

Trypsinogen is a more stable body than trypsin, though exact 
comparisons of stability are difficult, owing to the gradual liberation 
of enzyme from the zymogen on keeping it with dilute alkali or acid. 
Still the results obtained show that 1 to -4°/, Na,CO, destroys nearly 


twice as much enzyme as zymogen, and °05 to ‘1°/, HCl nearly four 


times as much, when acting for 2 hours at 38°C. 

On comparing the action of various extracts upon previously swollen 
fibrin in 006, ‘05, ‘1, ‘2, ‘4, ‘8, and 1°4°/, Na,CO,, it was found that in 
almost every instance the most rapid digestion took place in 05 °/, Na,CQ,. 
A very faint degree of alkalinity is therefore the most favourable 


condition for digestion of swollen proteid in artificial, as in natural, 


digestion. In the case of boiled fibrin, however, the rate of digestion 
was only a twentieth as great, and the most rapid digestion took place 
in 8°/, Na,CO,. At this concentration the digestion rate was twice as 


great as in ‘006 or ‘05 °/, Na,CQ,. 


The addition of from 3 to 40°/, of bile retarded the action of tryptic 
extracts upon previously swollen fibrin, in proportion to the amount of 


_ bile added, ...Also the addition of succus entericus slightly retarded the 


action of extracts containing only free trypsin. 
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THE SUBMAXIMAL ELECTRICAL RESPONSE OF 
NERVE TO A SINGLE STIMULUS. By FRANCIS 
GOTCH, M.A., D.Sc. (Oxon.), F.RS., Professor of Physiology, 
University of Oxford. (With Six Figures in the Text.) 


THE familiar statement that both nerve and voluntary muscle 
respond to stimuli of submaximal intensity by active changes of a 
submaximal character is chiefly based upon experiments in which the 
mechanical effects of muscular contraction are observed. 

The twitch of a muscle evoked by a single stimulus is a reliable 
indication of the extent of the mechanical response when recorded by 
the isometric method or determined isotonically by the method of 
“arrest” as employed by Schenk, Kaiser and others. All such 
muscle records show that when the intensity of the stimulus sinks 
below a certain value the mechanical change in the active muscle 
becomes less marked and is submaximal, Since this, relationship 
between the muscle response and the intensity of the stimulus holds 
good when the twitch is evoked by indirect as well as by direct 
excitation, it has been inferred that the nerve excitatory change which 
is present in the former case must itself be of submaximal intensity if 
the nerve stimulus is below a certain value. This conclusion is however 
an inference which, although justifiable, cannot be regarded as affording 
direct proof that nerve like muscle responds by submaximal changes to 
stimuli of feeble intensity. In order to prove that the excitatory state 
of nerve varies in magnitude when the stimulus which evokes it differs 
in intensity, this state must itself be examined and records obtained 
which shall display its characters. At present we have only one 
physical concomitant of the excitatory state of nerve, the well-known 
electrical disturbance, and although it may be doubtful how far even 
this concomitant gives a faithful picture of the underlying excitatory 
state under all conditions of the nerve, it seems tolerably certain that - 
. herve may be placed under such conditions as to make it extremely 
probable that the electrical indication will be a reliable one’. It thus 


1 Gotch. This Journal, xxvim. p. 82. 1902. 
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becomes a matter of interest to determine the characters of the 


electrical change in an excited nerve when the exciting stimulus 
varies in intensity. This has been done hitherto either by recording 
the extent of the negative variation of the nerve current exhibited by 
injured nerve and inferred from the deflection of a suitable galvano- 
meter, or by examining rheotomically the summed effects of a series of 
excitatory electrical changes. The former method has been employed by | 
Waller, who has compared in this way the electrical changes in motor 
nerve with the mechanical ones produced in the attached muscle’. 
But experiments upon the amount of the negative variation, or upon 


_ the rheotomic value of a summed series of excitatory electrical changes, 


can only give very imperfect information as to the characters of the 
submaximal electrical effects in excited nerve through the circumstance 
that both methods sum up the total result of a prolonged series of suc- 
cessive stimulation effects and after-effects. It is moreover well known 
that nerve excitability is extraordinarily susceptible to variation in con- 
sequence of the changes produced by the very agent employed for its 
stimulation, viz. the passage of electrical currents. There is only one 
possible method of determining the time relations of submaximal nerve 
effects and of comparing these with the corresponding time relations of 
maximal ones; this method is that which allows of the record of the 
change evoked by a single stimulus, for if the stimulus is repeated at 
rapid intervals then there is little doubt that the nerve excitability is 


itself altered and the stimulus intensity is thus no longer si st esa : 


for the ‘production of the same submaximal excitatory effect. ~ 


--~{he-eapillary electrometer is at present the sole instrument by 


which such records can be obtained, and the prolonged series of 
investigations carried out on nerve by Mr Burch and myself with a 
very sensitive instrument of this kind at Oxford has embraced among 
many other points a number of experiments upon this subject. 
Although the investigation seemed at first quite simple, it was found 
that the matter was complicated through the necessity of observing 
very great precautions in order to maintain the unvarying character of 
all conditions other than the intensity of the exciting stimulus, The 
earlier experiments did not therefore give perfectly reliable results and 
it became necessary to supplement these by others especially contrived 


to elucidate this one point. It is not easy to obtain in one nerve a 


succession of records of submaximal and of maximal effects which will 


- 1 Waller. Brain, 1895, p. 210; Phil. Trans. cuxxxvmt. B. p. 60. 1897. 
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allow of their strict comparison. The records of submaximal nerve 
changes are from their nature those of very slight displacements of the 
mercurial meniscus of the capillary electrometer ; an extremely sensi- 
tive instrument, very high magnification and most accurate definition 
of the projected image of the meniscus are thus essential qualifications 
for success 

The nerve itself must be kept at a low temperature in order that the 
slight submaximal changes should by their more prolonged duration affect 
the instrument more conspicuously than would otherwise be the case. 
The maintenance of this low temperature is however itself a difficulty, 
since very slight variations alter the whole time relations of the electri- 
cal response of the nerve. It thus became desirable to exercise great 


| A 


Fig. 1. Foun CURVES SHOWING E.M.F. OF EXCITATORY CHANGES IN SCIATIC 
NERVE oF FROG AT DIFFERENT TEMPERATURES. 


The curves were obtained by analysing the photographic records of the capillary 
electrometer; the electrometer was connected with two points of the trunk of the sciatic 
nerve of the frog (R. temporaria); the contacts were 12 millimetres apart and the nerve 
was excited by a single stimulus at a point lying 15 millimetres above the nearest electro- 
meter contact. The nerve had been dissected out 18 hours before making the experiment 
and kept in physiological saline containing Ca salts, etc. The moment of excitation is not 
shown but the curves begin at the line marked O and the earlier dotted portion is uncertain 
in consequence of electrolytic disturbance from the exciting induced current. The records 
show the time relations of the diphasic response, each curve being the response of the 
nerve to the same stimulus but at a different temperature. Between 6°C. and 4°C. there 
is a very marked change in the time relations of the response. The ordinates give z.m.r. 
values above and below the abscissa ; the abscisse give time relations, each division being 
one-thousandth of a second, | 
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398 F. GOTOH. 
care in the matter and to record the temperature all through any given 


experiment. The necessity for this precaution is increased when as in 
_ the present research the temperature employed was as low as 4° C., since 
at this temperature very slight variations appear to cause most exten- 


sive alterations in the time relations of maximal responses, and thus 
ceteris paribus in those of submaximal ones. In this connexion attention 
may be drawn to the curves shown in Fig. 1, which give the analyses of 
a series of maximal records, each evoked by the same maximal stimulus 
in an uninjured nerve, but at different temperatures. It will be 
observed that on lowering the temperature the form of the diphasic 
nerve response alters, and that the most striking alteration as regards 
time relations is produced by variations between 6°C. and 4°C.; the 
time relations of the change in the nerve at the latter temperature, 
4°C., are especially prolonged. 

This variability of the response in consequence of changes of 
temperature rendered it necessary that this should be under strict 
control. In order to ensure this and to keep as far as possible the tem- 
perature conditions uniform, a specially constructed moist chamber was 
used ; this stood in an ice bath, the whole being shut up in a large 
ice safe. Air either cooler or warmer could be passed at will through © 
the moist chamber in which the nerve was placed. A thermo-electric 
junction was fixed alongside the nerve and was connected to an 
appropriate low resistance galvanometer outside; the thermo-electric 
effect was then balanced against that of a similar junction, which was 
kept in a special small calorimeter at 0° C. When once the temperature 
had fallen to the appropriate point any tendency to fluctuation could be. 
at once observed by means of the galvanometer and controlled. 

Another difficulty in the research was that of determining the range 
within which the intensity of the selected stimulus should be allowed to 
vary. This difficulty will be understood when it is realised that with 
an uninjured nerve it is almost impossible by mere inspection of the 
projected image of the capillary meniscus to determine whether this has 
or has not moved, even when the stimulus and thus the diphasic electri- 
cal change in the nerve is maximal; hence it is obviously quite 
impossible to determine when the intensity of the stimulus has been 
rendered weaker, whether the effect is submaximal or has entirely 
disappeared, since in both cases no visible indication of any mercurial 
displacement occurs. In consequence of this difficulty the developed 
plates often showed no excursions at all, or on the other hand they 
showed excursions of maximal type when all the arrangements had led 
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to the conclusion that submaximal effects were to be anticipated. In 
order to obviate this difficulty, as far as possible, a special procedure 
was adopted, which involved the retention of the muscle and the use of . 
its twitch as an index. 7 
The sciatic nerve of the frog (R. temporaria) was prepared with its 
spinal attachments and with all the muscles below the knee still 
attached to its peripheral terminations, but stripped of their skin. 
The whole preparation was then placed for eighteen hours in an 
appropriate solution of physiological saline (NaCl, Ca salts, etc.); this 
procedure was adopted in order to allow of the subsidence of all 
excitatory modifications due to local injuries incidental to the dissection ; 
_ the importance of this has been referred to in a previous paper in 
this Journal’. The preparation was fixed for experimental purposes 
in the innermost moist chamber by means of mimosa spines, the spinal 
column, nerve and muscles being all raised about 2 cms. above the 
cork block into which these spines were thrust. The upper side of the 
moist chamber was furnished with a glass lid which could be sealed 
down by wax, and alongside the nerve in the chamber was placed the 
thermo-electric junction for indicating the temperature. The usual 
non-polarisable electrodes were placed in connexion with the nerve 
trunk, one as hear as possible to the knee end, the other about 20 milli- 
metres higher up; these were connected to the electrometer circuit. A 
pair of polished steel needles was used for exciting the spinal end of the 
nerve trunk, one needle being placed respectively on each side of the 
whole trunk so as to ensure that the exciting induced current should 
pass through all its nerve fibres. The exciting current was obtained by 
opening the primary circuit of an induction coil, the primary coil 
having no internal core and being connected with one Daniell cell ; 
as in other experiments of this kind the opening of the primary circuit 
was effected indirectly by the passage of the pendulum which carried 
the photographic plate, but a strong electro-magnetic key especially 
made for these experiments was used in order that the moment of the 
submaximal as well as of the maximal stimulus should be indicated on the 
photographic plate. This key was worked as a relay, the pendulum in its 
swing opening a circuit comprising several storage cells and the electro- 
magnet of the key; with the opening of this circuit the armature of the 
electro-magnet was released, and being drawn up with considerable 
velocity by the pull of a strong spring, struck, and thus opened a second 


1Gotch. This Journal, xxvut. p. 32. 1902. 
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platinum contact ; this latter contact was placed in the primary circuit 
of the induction coil, and thus furnished the opening induced current 
used for exciting the nerve. The contact was of such shape as to allow 
of its being fixed in front of the slit through which the light reached 
the photographic plate. This key gave excellent results; the contact 
was always opened with the same velocity, and the resulting induced — 
current for any given position of the secondary coil was found to be 
constant in character, a circumstance of essential importance in connexion 
with submaximal stimuli. 

Before commencing to take a series of photographic records from 
any one nerve muscle preparation, the whole preparation was left in the 
cooled chamber for half-an-hour or more, so as to ensure that the 
temperature should be steady ; the outermost box was then opened for 
a few minutes, and the muscles observed through the glass lid of the 
closed moist chamber whilst the nerve was excited by a single weak 
induction current obtained by the pendulum transit acting on the 
electro-magnetic key. By varying the position of the secondary coil a 
rough idea could be obtained of the degree of approximation of the 
secondary to the primary which would produce an induced current 
of sufficient intensity to evoke a barely perceptible and a maximal 
muscular twitch respectively. The position of the secondary coil was 
then noted, and the subsequent experiments were made with intensities 
of induction shocks starting slightly weaker than the above minimal 
value and increasing to beyond that of the maximal one; the external 
chamber was again closed before proceeding to obtain the actual 
records and the whole chamber left until the thermo-electric indications 
showed that the temperature had returned to its former level and 
remained steady’. 

In order to avoid the disturbance of excitability due to the passage 
of the exciting induction current through the nerve plexus, an interval 
of several minutes was allowed to elapse between each stimulation ; 
further each stimulation was repeated with a reversed induction current 
of the same intensity, and not more than eighteen successive observations 
were made on any one preparation. 

A considerable number of records have been obtained and several of 


1 The comparatively large range (3 cms.) through which the secondary coil could be 
pushed before the minimal response became a maximal one is worthy of note. It is due, 
first, to the physiological state of the tissue, the nerve being a “‘ kept” one and at a low 


‘temperature, secondly, to the character of the induction coil which had no core in the 
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these have been analysed; the deduced values of the electromotive 
changes given by the analyses have been plotted so as to give curves of 
E.M.F. production ; these curves being placed on the same sheet allow 
of an accurate comparison being made between submaximal and 
‘maximal responses. The examples given in Figs. 2 and 3 are selected 
as typical instances of such plotted curves. The reader is referred for 
detailed information as to the conditions under which the records were 
taken to the description appended beneath each figure; the points 
of special interest which the curves exhibit in connexion with sub- 
maximal phenomena will be now described. 

In Fig. 2 the thick curve (1926) shows the diphasic electromotive 
change evoked by a single maximal stimulus in a nerve at 34° C., the 
thin curve is that evoked by a subfiaximal stimulus. Several points 
are brought out by the comparison of the two responses. 


‘| oval 


oot’ 02" 003’ 006’ 00s’ 008’ 007" 008” 009" on” 
Fig. 2. Two CURVES SHOWING THE E.M.F. CHANGES IN THE SCIATIC NERVE OF 
FRroG EXCITED BY A SUBMAXIMAL AND A MAXIMAL STIMULUS. 


These plotted curves give the results obtained from the analysis of two electrometer 
records. The records were obtained by exciting the sciatic nerve of the frog kept for 
18 hours after its preparation in physiological saline. The electrometer contacts were 
20 millimetres apart and the stimulus occurred 20 millimetres above the proximal contact. 
Temperature throughout 34°C. Ordinates show r.m.r. changes above or below the line of 
equipotential indicated by 0 v., the lines -01 v. indicate ,}, volt z.m.r. Both curves are 
diphasic, the nerve being uninjured. The record from which curve 1914 was obtained 
was produced by a weak stimulug; primary coil without core, secondary coil 9 cms. from 
primary; the record of which 1926 is the analysis was produced by a stronger stimulus, 
secondary coil 7 cms. from primary. The moment of excitation occurred in both at the 
point marked (x), the abscisse give the time after this in thousandths of seconds. | 


_ (1) In both the maximal and the submaximal response the first 
phase commences at the same interval after the application of the 
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. stimulus, namely “0014”. As the point at which the stimulus was 


applied was situated 20 millimetres above the nearest (proaimal) 
electrometer contact and remained unaltered during the experiment, it 
is evident that the rate of propagation of the nerve change from the 
seat of excitation to the proximal electrometer contact was the same 
whether the effect evoked was maximal or submaximal. The rate of 
propagation in this kept nerve at 3}° C. was thus about 14 metres in 
one second for both a maximal and a submaximal excitatory wave’. This 
result is in accord with that arrived at by Engelmann as regards the 
rate of propagation in muscle, namely that the speed of transmission 
of the contractile wave is the same whether evoked by a submaximal 
or maximal stimulus’. 

(2) Although the amount of the first phase as indicated by the 
rise of the curves above the abscissa is twice as great for the maximal 
as for the submaximal response, the time occupied by this rise is the ~ 


same in both cases; the rise reaches its highest point 0024” after 


excitation, t.e. the development of E.M.F. occupied a thousandth of a 
second, whether the response was maximal or submaximal. 

(3) The subsidence of the first phase indicated by the fall of the 
lines to the abscissa is in both responses completed by 0045”, it thus 
occupied two-thousandths of a second in both cases. 

(4) The second phase, indicated by the portions of the curves 
below the zero line, starts in both cases at the same moment (‘0045” after 
excitation) and ends ‘011” after excitation. It not only has the same 
duration but exhibits in both cases the same slight irregularity of out- 
line although the maximal attains twice the value of the submaximal, 

It follows from the above details and from an examination of the 
figure that the submaximal response in this instance so closely corre- 
sponded with the maximal response that it might be said to be the 
same series of changes on, a more reduced scale. 

In Fig. 3 is a somewhat different result, which however presents 
several features similar to those of Fig. 2; it is given in order to show 
that the greatest points of observed difference between a maximal and 
a submaximal response are comparatively insignificant. It will be 
noticed that this figure contains three curves; the curve given in thick 
outline (1885) is that of the maximal response, the curve in dotted 
outline (1879) is that of the submaximal response, the curve given in 


1 This inference is based on the supposition that there is no delay in nerve except that 
due to transmission. Bernstein, Erregungsvorgang im Nerven u. Muskelsysteme. 1871. 
-* Engelmann. Archiv f. d. ges. Physiol, uxvt. p. 574. 1897. 
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thin outline is this submaximal response magnified 24 times; +e. all 


the EM.F. values have been multiplied by the factor §. Owing to the 
rapidity of the development of the first phase and the size of the initial 
disturbance produced by the escape of the exciting induced current, it 
is not possible to place reliance upon the early portion of the analyses; 
the moment of start and the rise of the curves up to the period 0015” 
are therefore faintly shown. 

From the point 0015” onwards the analyses are quite reliable; the 


point selected (-0015”) is that at which the first phase of the submaximal |’ 


-003 -004 005 -006 -007 -008 -009 ‘010 
Fig. 3. CURVES SHOWING THE E.M.F. CHANGES IN THE SCIATIC NERVE oF FRoG 
EXCITED BY A SUBMAXIMAL AND MAXIMAL STIMULUS. 


The curves are the plotted results of the analysis of two electrometer records. The records 
were obtained from the sciatic nerve (frog) kept for 18 hours in physiological saline. 
Diskin between electrometer contacts upon nerve, 25 millimetres; excitation by single 
break induced current at a point 10 millimetres above proximal contact. Temperature 
44°C. for 1879 curve, falling to 4°2°C. when 1885 was obtained. Line of equipotential 
between contacts is that marked 0 v., the lines ‘01 v. indicate potential difference of 
réy volt. The moment of excitation occurred at the point marked (x) and the abscisss 
divisions indicate thousandths of a second after this. The reliable analysis begins at 
0015”, the part before this being unreliable through disturbance due to the exciting 
current. Curve 1879 was obtained from a record evoked by a weak stimulus, secondary 
‘coil 500 on standardised Kronecker inductorium ; for curve 1885 the stimulus was three 
times as strong, the secondary coil being 1500. The curve 1879x2°5 (thin line) was 
obtained by multiplying all the analysed results of 1879 by 2°5, this bringing the z.m.r. of 
the submaximal to the value attained in the maximal response (1885). 


response attained its greatest development; as regards the subsidence 
of the first phase it is clear that in the case of the submaximal effect 
(1879) the equipotential point (7.e. the abscissa) is reached at ‘004’, 
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whilst in the maximal response it is reached 0005” later; in spite of 
this discrepancy the rate of subsidence is remarkably similar in the 
two cases as is shown by comparing the slope of the thin line indicating 
the magnified submaximal with that of the thick line indicating the 
maximal effect. It is quite possible that the discrepancy is due to — 
temperature change, as this fell from 44°C. to 42°C. during the 
experiment. 
The second phase of the submaximal response, indicated by the 
dotted and thin lines, drops to a small value at 008” after the excitation 
moment, and in the maximal response a similar extensive drop occurs at 
this point, but there is a prolonged tail to the maximal response lasting 
as long as ‘012” and not visible in the submaximal response. On the 
whole the differences between the time relations of the two responses 
_ are not considerable, although the ©.M.F, attained by the maximal is 
nearly three times as great as that attained by the submaximal. 
One other example is given in Fig. 4 of the responses in a kept 
nerve which had been divided at its lower end immediately before the 
experimental observations were made, the distal electrometer contact 
being placed upon the recent cross-section. Such a nerve gives a 
monophasic response, due to the fact that the electrical concomitant of 
the excitatory wave gradually disappears as this wave passes towards 
the neighbourhood of the fresh section. The preparation was kept at a 
much lower temperature than in the preceding examples, viz. 14°C. ; 
the results obtained by analysing three of the records of responses to 
three different intensities of stimulus are plotted on the figure. The 
dotted curve (1784) is the monophasic response to a weak submaximal 
stimulus, the thicker line (1782) is the response to a stronger sub- 
maximal stimulus, the thin line (1781) is the response to a maximal 
stimulus; the slight disturbance due to the escape of the exciting 
stimulus rendered it advisable to commence the analysis at 002” after 
excitation. It will be noticed that the three results show a remarkable 
degree of parallelism, the summit of the development of the first phase 
occurring in the three at °003”, 003”, and 0035” respectively, whilst the 
subsidence lasts until 011” in all three instances. Although the chief 
point of interest is this similarity in the time of the response whatever 
the magnitude of the change evoked by the stimulus, attention may 
also be drawn to the obvious difference between the rapid rate at which 
the response develops and the slow rate at which it subsides; in all 
these instances the development occupied barely 002” whilst the 
subsidence took about 007”. This difference is a characteristic of 
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excitatory electrical changes, but is particularly pronounced in the 
changes shown in the figure owing to the low temperature. 


D. 
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02 004 008 OO 06 «(022° 
Fig. 4. CURVES SHOWING E.M.F. CHANGES IN SCIATIC NERVE OF FRoG 
WITH STIMULI OF DIFFERENT INTENSITIES. 

The curves are plotted from the analyses of three electrometer records. The nerve 
after being kept for 18 hours in saline was injured by a cross-section at the peripheral 
end, the distal electrometer contact was near the cross-section, the proximal contact 
20 millimetres above this; the demarcation effect was ‘005 volt; the seat of the stimulus 
was 15 millimetres above the upper electrometer contact. Ordinates indicate potential 
differehce between contacts; abscissm indicate time after excitation in thousandths of a 
second; the moment of excitation was at the point marked (x). The curves are all 
monophasic; the dotted one (1784) was evoked by a weak break induced current, 
secondary coil 10 cms. from primary; the thick curve (1782) by a stronger current, 
secondary coil 9 cms. from primary; the thin curve (1781) by a still stronger current, 
secondary coil 8 cms. from primary. re ee 14°C., and was 
uniform throughout the series. 


The preceding results may be considered as fairly typical of all those 
obtained by means of the Oxford instrument, and from these it seems 
clear that the electrical response of nerve to a single stimulus varies as 
to its magnitude in correspondence with variations in the exciting 
efficiency of the stimulus, and that, like muscle, the response of nerve 
passes through a series of submaximal stages of increasing value until a 
‘maximum is reached. This conclusion was of course to be anticipated 
although the present experiments are the only direct proofs at present 
available of the fact. The records however give further information as 
to the whole course of submaximal as compared with maximal electrical 
responses and appear to show that the time relations are practically 
identical whatever the magnitude of the response. 
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This identity of time relations is most suggestive in connexion with 
the question as to the interpretation of submaximal effects in such tissues 
as muscle and nerve. ) 

It is well known that if a muscle twitch be recorded by isometric 
or by suitable isotonic levers, and the stimulus so arranged as 
to vary between minimal and maximal intensity, a series of muscle 
curves is obtained; such a series allows of a comparison being made 
between submaximal and maximal mechanical responses. The experi- 
ment is most conveniently accomplished by using one of the recording 
cylinders designed by Blix, but it can be carried out on any fast 
travelling surface (pendulum myograph, etc.), provided that each twitch 
shall be inscribed on the same base line and that the moment of 
excitation. is as regards the position of the lever upon the travelling 
surface unquestionably identical throughout the whole series. The 
successive muscle curves thus obtained, whether isotonic or isometric, 
show that the interval of time between the moment of excitation and 
the culmination of the rise of the lever due to the development of con- 
tractile stress in the active muscle is the same, whether the mechanical 
change is the small one evoked by a submaximal or the large one evoked 
by a maximal stimulus. Further this identity of time relations appears 
to exist when the muscular excitation is indirect as well as when it is 
direct. It thus appears that both in nerve and in voluntary muscle 
the excitatory process evoked by a single stimulus takes the same time 
in its development, whether the magnitude of the development is small 
due to a submaximal stimulus or large due to a maximal one. Now 
the great majority of conditions which alter the amount of the active 
state in muscle and in nerve alter also the rapidity of its development, 
nevertheless such a potent condition as the intensity of the stimulus 
appears to alter the amount of the active state in both these tissues 
without causing any corresponding change in the time which this state 
takes to develop. 
| The similarity in time relations of submaximal and maximal 
| responses is extremely suggestive in connexion .with the production 
| of submaximal effects. It is possible to conceive of several factors as 
| the determining causes of submaximal effects; among these .are the 
| condition of the tissue, the extent of the electrolytic or other change 
| produced by the exciting agent, the intensity of the active process in 
each stimulated excitable element, the localisation of the stimulus, and 


finally the number of excitable elements aroused by the stimulus. 
| As the condition of the tissue may be considered as practically 
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unchanged in the observations here described this factor may be 
disregarded. All the remaining factors involve one of two conceptions 
in regard to their modus operandi, According to one conception each 
excitable element composing the tissue is the seat of a process which 
varies in its intensity with the amount of the electrolytic change 
produced within it by means of the stimulus, there being two limiting 
points, a minimal point below which the change is unable to evoke any 
response and a maximal point above which the change is incapable of 
increasing the amount of the active response. In this conception each 
element would by itself give between these limits all grades of submaximal 
_ effect corresponding to grades of stimulus intensity. 

A different conception is one which lays emphasis upon the number 
_ of elements which are simultaneously thrown into activity ; such tissues 
as nerve trunks and voluntary muscles are composed of a large number 
of excitable structures each physiologically so distinct from its neighbour 
that the active process in any one of them cannot spread into the 
remaining ones. It follows that submaximal responses must occur if 
the activity is confined to a limited number of the available elements ; 
further the response must increase as the number of active elements is 
extended, and it is conceivable that it reaches its maximum when all 
the available elements are aroused. The two conceptions are not 
mutually antagonistic, they may be held concurrently; but they cannot 
be regarded as equally potent or equally universal, since the second one | 
which deals with the number of elements thrown into activity must, in 
the case of nerve and muscle, play an extremely prominent part, and is 
moreover the only explanation of the very obvious submaximal phenomena 
evoked by “partial” as opposed to “total” excitation. In nerve such 
phenomena have been hitherto incompletely investigated owing to the 
necessity of recording the electrical response evoked by a single stimulus 
in order to obtain direct evidence of their occurrence. The experiments 
made in Oxford were therefore extended to include the production of 
these phenomena, and the results afford a comparison between the 
response evoked by complete excitation of a part only of the observed 
tissue elements and the response evoked when a stimulus of adequate 
amount is applied to all the excitable elements contained in a nerve 
trunk, : 
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Submaaimal effects due to partial excitation. — 

It is comparatively easy to stimulate and throw into activity a 
portion only of the nerve fibres which make up the trunk of the aciatic 
nerve of the frog since the trunk receives these fibres by means of two 
large and one fine branch of the sciatic plexus, the branches being often 
15 millimetres in length. An excised nerve preparation of the type 
previously described was therefore used, consisting of the dissected nerve 
left attached above to the spinal column and below to all the muscles 
below the knee. With care and with the use of proper precautions 
against spread, any one of these branches may be excited whilst the 
whole trunk of the nerve lower down is brought into connexion with the 
electrometer contacts. If arrangements are made so that in the same 
preparation the whole nerve trunk can be also stimulated, then a 
comparison can be obtained between the electrical response in the 
whole nerve when subjected to partial and to total stimulation 
respectively. 

A difficulty in connexion with the experimental procedure arises 
from the circumstance that the stimulating agent must act most 
intensely upon the external portions of any tissue since it is applied 
to its surface. For this reason a large number of nerve stimuli are 
thus probably only partial, and a very weak induction current traversing 
a plexus root will be only a partial excitant of this root. If on the 
other hand the intensity of the stimulus is increased, although there is 
no doubt of its becoming total for the plexus branch, there is the danger 

of its spreading and partially exciting the trunk of the nerve beyond. 
Happily the time relations of the electrometer records furnish a means © 
of discriminating between the excitation of the plexus and that of the 
trunk so that any spread intense enough to traverse and excite the 
nerve trunk can be readily detected. 

Out of several sets of electrometer records two have been rolacted as 
fairly typical of the whole series» One of these is shown by plotted 
analysed curves in Fig. 5. 

‘The curves in this figure, as explained in the description, show 
diphasic responses such as are obtained in kept uninjured nerves. The 
curve numbered 2002 is the electrical response in the nerve trunk when 
one (the lowest) branch of the plexus was stimulated close to the spinal 
column by a weak induction current, the stimulus was probably only. 
partial for the plexus branch ; the response evoked is seen to commence 
002” after the stimulus whilst the end of the first phase occurs 005” 
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after the stimulus; it is obviously of very small magnitude. The dotted 
curve numbered 2008 is the electrical response obtained when the 
stimulating induction current applied to one branch of the plexus was 
increased to an intensity which would most certainly be a total stimulus 


00sec 003 sec 005 sec 07sec 009 sec. Dil sec. 
Fig. 5. CURVES SHOWING E.M.F. CHANGES IN SCIATIC NERVE OF FRoG WITH TOTAL 
AND WITH PARTIAL STIMULATION OF ITS NERVE FIBRES. 


The curves are plotted from the analyses of three electrometer records. The nerve was 
kept 18 hours in physiological saline. The electrometer contacts were upon the trunk 
20 millimetres apart; the exciting induced current traversed the lowest branch of the 
sciatic plexus in the case of the curves 2002 and 2008, at a point 22 millimetres above the 
nearest electrometer contact; in the case of curve 2015 it traversed the whole trunk about 
14 millimetres above this contact. Ordinates indicate the potential difference between the 
electrometer contacts, abscisse indicate the time after the moment of excitation which 
occurred at the point marked (x). The induced current traversing the plexus root was 
weak in the case of response 2002 (secondary coil 10 cms.), strong in the case of response 
2008 (secondary coil 8 cms,). In the case of response 2015, the current traversing the 
whole trunk was fairly strong (secondary coil 9 cms.). The electrical responses are all 
diphasic as the nerve is uninjured. The temperature of the nerve was 4°2°C. 


for the plexus. There is undoubtedly considerable risk that the stimulus 
might under these circumstances have spread to the nerve trunk, but 
the record itself furnishes an infallible indication that it did not do so, 
for if spread had occurred then obviously the delay due to nerve 
propagation would be rendered less; it will be observed that the larger 
response numbered 2008 commences like the smaller one (2002) at 
002”; the distance between the seat of excitation and the proximal 
electrometer contact was 22 millimetres, giving a propagation rate of 
11 metres per second in both cases; the temperature was 42°C. The 
response whose time relations are given in the curve 2008 was the 
largest that could be obtained by the excitation of the lowest root of 
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the plexus. A third curve is given in the figure numbered 2015; this 
was obtained by a single induced current which traversed the upper 


‘part of the whole nerve trunk. This begins ‘005” earlier than the 


others, viz. at 0015”; the earlier commencement is due to the seat of 
the stimulus being nearer the proximal contact connected with the 
electrometer; the curve is obviously a larger one, and any differences 
between it and the others can be only due to the circumstance that 
whereas in the responses obtained from the excitation of the plexus root 
only a portion of the nerve fibres were the seat of the excitatory 
process, in this more fibres were aroused. It is clear therefore that 
partial excitation, even when this is fully adequate to arouse the 
excited tissue to its utmost, will in a nerve trunk containing other nerve 
fibres give an electrical response which is submaximal, i.e. less than 
that which the whole nerve trunk is capable of producing. 

The experiment being a novel one and of some little interest a 
second set of analysed results is given in Fig. 6. This differs from that 


001 sce. 003sec.  O09se Olllsec 


Fig. 6. CURVES SHOWING E.M.F. CHANGES IN SCIATIO NERVE OF Frog witH ToTaL 
AND WITH PARTIAL STIMULATION OF ITS NERVE FIBRES. 


Curves plotted from the analysis of four electrometer records; The nerve after being 
prepared and kept 18 hours in physiological saline was divided at its peripheral end; one 
electrometer contact was placed at the cross-section, the other on the trunk 20 millimetres 
higher up. The demarcation effect was ‘0053 volt. The exciting induced current traversed 
the lowest of the plexus roots in the case of curves 2018 and 2022, at a point 22 millimetres 
above the upper electrometer contact ; in the case of curves 2027, 2028, it traversed the 
trunk 14 millimetres above this contact. Ordinates indicate potential difference between 
the electrometer contacts, abscisse# indicate the time after the moment of stimulation 
which occurred at the point marked (x). The exciting induced current was the same in- 
tensity for both 2018 and 2027 (secondary coil 10 cms.), it was stronger for both 2022 and 
‘2028 (secondary coil 8 cms.). The electrical responses are all monophasic owing to the 
distal injury. Temperature throughout 4°3°C, | | 
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of Fig. 5, inasmuch as the nerve was severed by a cross-section near 
the knee end and the distal electrometer contact was placed upon or 
sufficiently near to the cross-section; the electrical response of the 
nerve trunk is therefore limited to events occurring under the proximal 
contact and the response is thus monophasic. 

The same procedure of exciting one plexus root was adopted and 
four curves are given on the chart for comparison. The curve numbered 
2018 is the electrical response of the nerve trunk to a weak stimulus 
applied to the lowest, of the plexus roots; the curve 2022 is the response 
of the trunk to a stronger stimulus of the same plexus root. As they 
‘both commence at 002”, there is no doubt that the stronger stimulus 
did not under the special precautions observed extend to the trunk. 
The temperature of the nerve was 43° C., and the distance between the 
seat of excitation and the proximal electrometer contact was 22 milli- 
metres. This gives a rate of propagation of 11 metres per second for 

both responses. On the other hand the two curves 2027 and 2028 are 
electrical responses of the trunk when the exciting induced current was 
applied to this at a point 15 millimetres nearer the proximal contact ; 
the first of the two was aroused by a weak but fairly adequate stimulus, 
the second with a more adequate one of the intensity of that used in 
obtaining the response 2022. The difference between the size of the 
- responses to trunk excitation and the size of the responses to plexus 
excitation is very obvious. Here again a partial stimulus, capable of 
arousing to the utmost only a part of the elements present in the tissue 
connected with the electrometer, evokes an effect which is submaximal 
in comparison with that produced when more elements are aroused. 
It may be pointed out further that Fig. 6 is an extremely good example 
of what has been already alluded to, namely, the similarity in the time 
relations of the response as regards its development, culmination and 
subsidence, whether the effect is the largest possible (total) or is 
distinctly small (partial); in this connexion the comparison of curve 
- 2022 with curve 2028 is very instructive, allowance being made for the 
extra delay due to propagation from the seat of excitation. 

There is little doubt from such records as those just given that the 
existence of maximal excitatory states in a limited number of the nerve 
fibres of a nerve trunk gives rise to what are familiarly termed sub- 
maximal effects, and that as the stimulus spreads by virtue of its increased 
intensity so as to arouse more nerve fibres, this submaximal response in a 
nerve trunk is augmented; further these records suggest that when all 
the elements are involved the response becomes maximal. It seemed 
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however desirable to extend the inquiry to voluntary muscle which like 
nerve is composed of a number of physiologically distinct fibres. At 
present it is not desirable to go into this subject in detail, but two sets 
of experiments made under my direction by Mr 8. Douglas and having 
an immediate bearing on partial excitation may be referred to. The 
gastrocnemius muscle of the frog was used for the experiments and 
isotonic records of its twitch to indirect excitation were made under the 
following three conditions as regards the seat of the stimulus: 

(1) Excitation minimal and maximal of the nerve trunk ; 

(2) Similar excitation of each branch of the sciatic plexus ; : 

(3) Simultaneous excitation of both the branches of the sciatic 
plexus which supply the muscle. 

In the case of (2) the records were always submaximal unless there 
happened to be an obvious spread of current to the nerve trunk; they 
thus resembled the minimal effects produced in the case of (1), whilst 
in the case of (3) the records were of the same extent and indistinguish- 
able from the maximal effects of (1). It is well known that the two 
branches of the plexus innervate separate sets of the muscle fibres 
of the gastrocnemius, hence the contractile process evoked by (2) is 
partial and is confined to a group only of the total muscle fibres ; 
such a contraction is indistinguishable in its yeneral course from that 
produced by submaximal excitation of the whole nerve. On the other 
hand, when as in (8) all the muscle groups are aroused the result is 
@ maximal twitch. In order to avoid the great liability to error due to 
spread of the exciting induction current from the plexus root to the 
trunk, a mechanical method of stimulation was also employed which 
was of such a character as to be fairly adequate for the part excited ; 
this consisted in completely dividing the nerve and recording the twitch 
evoked by the nerve section. The nerve section was varied so as to 
comprise the following: 

(1) The section of each of the plexus branches ; 

(2) The section of the nerve trunk. 

Just as before the excitation of (1) evoked a twitch which was sub- 
maximal as compared with that obtained by the stimulus (2) which 
produced a maximal effect. 

It may be further pointed out that if in the mammal a pair of 
exciting electrodes is placed on the surface of an exposed muscle 
(gastrocnemius, etc. of rabbit), then the weakest induced current 
capable of evoking any response is one which causes a contraction 
limited to the neighbourhood of the electrodes; as the exciting current 
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increases in intensity more fibres are seen to be involved in producing 
the contraction; this is a conspicuous instance of minimal or sub- 
maximal effects due to partial stimulation. | 

It is thus clear that a very potent factor in connexion with the 
production of submaximal effects in muscle and nerve by weak stimuli, 
may be the circumstance that the excitatory processes thus aroused are 
partial, 1.¢. limited to a small proportion of the component. elements. 
In the case of cardiac tissue such a limitation is improbable since the 
elements are all in physiological connexion, and it is extremely sugges- 
tive that in the cardiac tissue of the Frog there is no variation in the 
magnitude of the response as dependent upon the intensity of the 
evoking stimulus’. This tissue appears to be so constructed that no 
partial stimulation can occur; it must therefore always give the 
greatest response as regards the number of aroused elements which it 
is capable of producing provided that the stimulus excites it at all. 
The question now suggests itself whether the peculiar relation of 
voluntary muscle gnd of nerve to the exciting stimulus, a relation 
which admits of an augmentation of effect in correspondence with an 
augmented intensity of stimulus, is entirely explicable on the basis of 
the number of distinct elements which the stimulus can throw into 
activity. It is conceivable that there may be grades of activity in any 
given element due to grades of electrolytic change which the exciting 
stimulus has produced in this; but, even if this is probable on general 
grounds, it must be remembered that the familiar experiments upon 
muscle and nerve do not afford any proof of these grades since all the 
varieties of submaximal effect evoked by so-called submaximal stimuli 
may be a by the partial character of the active changes, and it~ 
is certain that such partial effects must.occur in any tissue which is 
multiple as regards its physiological components. — 

A circumstance which presents a difficulty in connexion with the 
conception that there can be a graded intensity of activity in each 
element is the nature of the time relations of the commencement and 
culmination of the submaximal electrical response in nerve and of the 
submaximal mechanical response of voluntary muscle, These time 
relations are of an order: which, as has been already pointed out, 
correspond extremely closely with those of the maximal response, thus 


1 This does not apply to the heart of the Lobster ; see R. Hunt and others, Centralbl. 
f. Physiol. Bd. x1. p. 278. Leipzig and Wien, 1898, As regards the Frog’s heart the “ all 
or none” principle is founded on the observations of Bowditch, Arbeiten a. d. physiol. 
Anstalt zu Leipzig, 1871, p. 175. 
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- suggesting that the process is practically the same in both responses, 


and that changes in its magnitude are rather the expression of the 
number of active elements involved than of any altered intensity of 
active change in each single element. 

In order however to get definite proof of the possibility of grades of 
physiological activity in each single element dependent upon grades 
of stimulus intensity, it is necessary to examine some excitable structure 


_ which consists of only one active element or of a group of elements 


forming one excitable whole through intimate physiological connexions. 


_Burdon-Sanderson in commenting upon the “all or none ” principle 


has pointed out that both cardiac muscle and the leaf of Dionwa 
have such a structure and do not show such grades’. Still it is 
doubtful how far it is justifiable to generalise from these instances, 
and particularly how far it is justifiable to extend the phenomena > 
of a comparatively inexcitable structure such as cardiac tissue 
to the most excitable of all structures, namely nerve. This doubt 
is confirmed by examining the records of the only experiments yet 
made upon a single nerve fibre, viz. the electrical nerve fibre which 
alone supplies after multiple subdivision the whole of the electrical 
organ on one side of the skin in Malapterurus electricus. Unfortunately 
my former experiments upon this structure were not especially con- 
trived to determine to what extent grades of organ activity could be 
obtained in correspondence to grades of nerve stimulation. Still such 
records as exist do appear to show that within very restricted limits, 
much less extensive than those which obtain in the muscle nerve 
preparation of the frog, the organ shock is slightly augmented when an 
effective stimulus applied to its nerve is increased in intensity’, Since 
it is quite impossible in this structure to obtain a partial effect as 
distinct from a tvtal one, and since there is every reason for believing 
that the effect (organ shock) is the expression of nerve activity, we 
must conclude that, in this single nerve element, grades of activity can 
be produced by grades of exciting stimulus*. But this conclusion does 


' Burdon-Sanderson. Article on Muscle in Tezxt-book of Physiology edited by 
E. A. Schafer, vol. nm. p. 450. Edin. and London, 1900. 

? Gotchand Burch. Phil. Trans. cuxxxvu. B. p. 359. 1896. 

3 A suggestive fact is the great extent of the range in the case of the electrical nerve 
of Torpedo. Unlike Malapterurus this is a multiple structure containing 15,000 to 
20,000 independent nerve fibres; thus its structure is particularly fayourable for partial 
excitation and the organ correspondingly shows a marked augmentation of effect through 


a wide range of increasing stimulus intensities (see Gotch. Phil. Trans. cuxxvm. B. 
p. 312, 1887). 
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not in my judgment imply that such grading constitutes an important 
factor in causing the far more marked distinction between the sub- 
maximal and maximal responses of nerve trunks and of voluntary 
muscles. The overwhelming potency of the numerical factor must, 
owing to the large number of individual elements capable of being 
aroused, be sufficient to mask the grades due to varying intensity of 
effect in each individual. 

It is a matter of some interest how far the numerical factor con- 
cerned in the production of submaximal responses is present in such a 
structure as the central nervous system. It is well known that the 
motor discharges of the central nervous system are susceptible of great 
variety as regards their motor effect. Does this indicate that the nervous 
impulses discharged by individual motor cells are capable of passing 
through an extensive scale of grades in regard to their intensity? Is it 
not possible that these grades are largely dependent upon the number 
of central elements involved, and are only incidentally associated with 
- Variations in the intensity of the nervous process in any one neuron ? 
The adjustment of the nervous force, which is so characteristic a 
feature of activity evoked by central discharge, must be rendered 
much more delicate by the circumstance that not only is the muscle 
itself a group of excitable structures, but that it is innervated by 
groups of nerve fibres derived from similar groups of excitable nerve 
cells. The distribution of the nervous discharge both centrally and 
peripherally, not the intensity of this discharge through any given 
element, may thus be a very potent factor, and since this must afford a 
more extensive scope for gradation than can conceivably be lodged within 
the limited compass of each single element, the total range within which 
_ the reflex response can be graded will be greatly enlarged. Here again 
however there are indications that the less potent and more restricted 
factor may operate. In the very numerous records of the reflex shocks 
of the Malapterurus organ which I possess, there are many which show 
that the initial or primary response of the multiple organ shock is 
variable as to its intensity and yet the nervous discharge, upon which ~ 
this depends, emerges for each lateral half of the organ from one single 
nerve cell. It is however probable that a considerable factor in 
causing this change of intensify may be related with the occurrence 
of fatigue in the nerve endings of the organ. Until experiments have 
been made for the express purpose of ascertaining the extent to which 
the reflex organ shock varies with the intensity of the exciting stimulus 
it would be unwise to lay too much stress on the reflex records obtained 
from Malapterurus organ. 
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SUMMARY. 


The chief points brought forward in this communication may be i 
- briefly summarised as follows: 
(1) Records of the submaximal electrical responses of nerve ‘itked 
by single stimuli of a weak character have been obtained by means of 
the capillary electrometer and compared with maximal responses evoked 
by single maximal stimuli. 

(2) Such records furnish the first direct proof that the active 
phenomena of a nerve trunk vary in magnitude within certain limits 
as the stimulus which evokes them varies in intensity ; they also show 
that the rate of propagation of the excitatory wave is the same whether 


this is maximal or submaximal. 


(3) Comparison of the submaximal with the maximal responses 
shows that although there is an obvious difference in the amount of 
their E.M.F. there is little or no difference between such time relations 
as the moment of commencement, the moment of culmination of the 
production of E.M.F., and the rate at which this E.M.F. disappears. 

(4) Submaximal effects, closely resembling those evoked by a weak 
stimulus applied to a nerve trunk, can be always obtained by exciting 
a portion only of the nerve fibres which the trunk contains; even when 
this partial excitation is fully adequate for the part excited, the response 
evoked in the nerve trunk retains its submaximal character. 

(5) Of the two conceivable factors which are concerned in the 
production of submaximal effects in nerve and muscle, one, that of the 
number of elements aroused appears to be by far the most potent; 
the other factor, that of graded intensity of active effect in each 
individual element as dependent upon similar grading in the intensity 
of the stimulus, does not appear to be conspicuous and would not 
account for the identity of time relations given in the third paragraph 
of this summary. 

(6) The experiments indicate that as regards both muscle and nerve, 
the obvious gradation in the intensity of active effect dependent upon 
intensity of stimulus is mainly due to these tissues being composed of 
a large number of elements having no physiological continuity with each 
other; when as in cardiac tissue such continuity exists there is no 
distinction between responses and no differentiation of maximal from 
submaximal stimuli. 
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ON THE PITCH OF GALTON-WHISTLES. By CHARLES 
S. MYERS, MD., Gonville and Caius College. : 


THE original form of whistle, described by Galton’ in 1876, consisted 
of a minute organ-pipe, the length of which could be varied by a solid 
‘rod moveable within the pipe by means of a micrometer-screw. With 
a similar pattern, made by Hawksley, of Oxford Street, London, 
most of the experiments referred to below have been performed. The 
Hawksley-Galton whistle has a bore of one millimetre. It carries 
an ivory scale, on which are engraved the vibration-frequencies of the 
notes, theoretically produced by the whistle when 2, 3, 4, etc. milli- 
metres long. With a length of two millimetres the whistle should give 
a tone of about 42,000 vibrations per second ! 


This whistle has been graduated according to the formula EN : 


where » is the vibration-frequency, v the velocity of sound in air, J the 
whistle pipe-length. Galton himself writes*; the rule that the length 
of a sound-wave in a whistle or other closed pipe is four times the 
depth of its cavity “supposes the vibrations of the air in the tube to 
be strictly longitudinal and ceases to apply when the depth of the tube 
is less than about one and a half times its diameter.” 

If my experiments show that this formula is inapplicable to the 
Hawksley pattern of Galton-whistle, it cannot @ fortiori be employed 
to calculate the pitch of the German and French patterns, which have 
‘ a bore of three or four millimetres, and a pipe-length diminished to 
3, 2 or even 1 millimetre. Indeed to Kénig’s model, Schulze* has 
endeavoured to apply a very different formula, devised by Helmholtz 
for estimating the pitch of resonators with narrow openings, 

avo 


NOS 


1 Before a Conference in connexion with the South Kensington Loan Collection of 
Instruments. 

2 Inquiries into Human Faculty and its Development, London, 1883, p. 375. 

* Annal, d. Physik u. Chemie, 68, 8. 99—104, 8. 869—883. 1899. 
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when a is the velocity of sound, ¢ is the area of the circular aperture, 
and § the volume of the resonating cavity. 
Of late years a Galton-whistle has been made by Edelmann’, of 


- Munich, on the principle of the locomotive steam-whistle. The whistle- 


pipe is separated from the mouthpiece, at the lower end of which the 
air issues from a minute annular slit. The distance or mouth-breadth 
(Maulweite) between the slit and the upper end of the pipe, on which 
the escaping air impinges, can be varied by means of a micrometer- 
screw. The pitch of the note is determined by the mouth-breadth as 
well as by the pipe-length. Each whistle (not only each whistle-length) 
has its optimum mouth-breadth. 

With these two patterns, the Hawksley- and the Edelmann-Galton 
whistles, I have endeavoured to determine the pitch of the tones 
emitted at different lengths, and the changes in pitch produced by 
changes in the force of the air-blast employed. My earlier experiments 
were made with the Hawksley pattern, and fall into two groups. 

In the first series, I kept the wind-pressure constant, slowly 
shortening the pipe-length until I had reached my upper limit of 
hearing, I then made various changes in the wind-pressure and at — 


each change determined my limit afresh. It was conceivable that a rise 


of wind-pressure, if it increased the loudness of the tones, might render 
audible a tone inaudible at a lower pressure. It was likewise conceiv- 


able that the same cause might raise the pitch of the tone so that it rio 
_ longer fell within the limit of hearing. | 


The results displayed in the following table have for the most part 
been verified by subsequent repetitions. They show how irregularly 
the pitch changes when the pipe-length is gradually shortened, the — 
wind-pressure being kept constant. 

In a second series of experiments the whistle-length was kept 


constant and the variation in pitch was noted which a change of 


pressure produced. The vibration-numbers were determined either 


_ by the method of sensitive flames or by that of Kundt’s dust-figures. 


The latter I found to be inapplicable with low wind-pressure, as the 
disturbance is not intense enough to throw the dust into vibration. 
The frequent hearing of these whistle-tones produced in me at night 
subjective sensations so high in pitch and so disturbing in intensity, 
that I had to abandon my original plan of pursuing the determination | 
of their pitch in a more thoroughly systematic manner. 


1 Zeitschr. f. Ohrenhlk. 36, 8. 3830—345. 1900; Annal. d. Phys. u. Chem. 2, 8. 469— 
482, 1900, 4te Folge. . 
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and onwards ceases 


in mm. of in 
ofwater in mm. Character, etc. of note of water in mm. Character, ete. of note 
30 16-00 A good clear note 180 16-00 A quivering note 
14:00 _—It begins to quiver 11°50 A clear high note 
10°00 It is lost entirely 7°25 It is obscured in the 
800 A very quivering note blast of air 
reappears 7°00 Itis clear and far higher 
6°50 A clear high note — 4°50 Note is very faint 
4°75 It begins to quiver 4°25 No note 
450 — It is lost and onwards | 
250 1600 High note 
60 16°00 Silence 15-00 It begins to quiver 
15°00 A very faint quivering 14:00 No note 
12°50 A quivering n 
13°50 A good clear note (? lower + ape at 16) 
6°25 It begins to quiver 11°50 A clear high note 
loot 4°75 Note becomes feeble 
4:90 350 16-00 No note 
4°25 The quivering drowns 10°25 A quivering note 
its clearness 10°00 A high clear note 
3°75 No tone » 6°00 It is somewhat obscure 
and onwards 475 note is feeble 
90 16°00 A quivering note 4°50 No note — 
15-00 A good clear note _and onwards 
500 The clearness is re- | 500 16:00 No note 
tained 7°50 Ahigh clear note enters 
4°00 A sudden change with 5-00 Note becomes very 
an obviously lower piercing 
ay 4°50 No note 
It lost and onwards 
120 16°00 Very quivering note enters 
13-00 Note becomes very faint 4°50 oR, 
10°25 Note becomes clearer and onwards 
and more continuous 
10°00 A piercing clear note 
8°75 The note suddenly 


The sensitive flame was produced from a tube of glass drawn out to 
a fine point. The gas was admitted to it from a large bag, which was 
subjected to a sufficient pressure by means of adjustable weights. The 
sound-waves, after passing the flame, were reflected to it by a screen 
moveable along a carefully graduated optical bench. The mean of the 
distances from each other of a number of points on the bench was taken 
where the disturbances of the flame produced by the waves were at their 
maximum (wave-loops) or at their minimum (wave-nodes), 
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The dust-figures were produced after the method described in detail 
by Schwendt! and Edelmann* The glass tubes, containing dried 
lycopodium dust, varied in-diameter down to 1°5 mm. and in length 
down to 20mm. On two or three occasions, when the pressure was very 
high, I obtained twice the number of half wave-lengths I had expected, 
owing to the accompaniment of overtones. I cannot, however, see that 
the variations in pitch produced by changing the wind-pressure are 
attributable to overtones in the case of the Hawksley-Galton whistle, 
although with the Edelmann-Galton pattern this is the probable cause. 

I made no allowance for the reduction of the velocity of sound 
owing to the narrow calibre of the tubes. The alteration so caused, 
according to the formule of Kirchhoff and Kayser, appears to be 
small enough to be negligible beside the possible experimental errors. 

~The velocity of sound was calculated according to the formula 
v = 330,700 V1 + 0°00867#, t being the temperature of the air. In the 
sensitive flame experiments (¢=20°C.), v= 342,600 mm. per sec. 
nearly: in the dust-figure experiments (¢ = 16°6°C.), v = 340,400 mm. 
per sec, nearly. 

A weighted gas-bag was found to be serviceable only for trans-' — 


mitting air at low pressure. To give pressures beyond 50mm. of 


water; the air was driven by the force of tap-water from two large 
communicating bottles through a calcium chloride-tube to a T-shaped 
glass coupling, of which one arm led to the whistle, the other to a 
U-shaped glass manometer*. No correction was made for the dampness 
of the air. ee 

- Whether or not these variations in pitch according to the pressure 
used depend on the presence of overtones, that they must have an 
important bearing on the determination of the upper limit of hearing is 
very clear. When air is admitted into the whistle there occur two periods 
of very low pressure,—first, before the pressure in the conducting appara- 
tus and instrument has reached the desired maximum, and secondly, when 
after shutting off the air the pressure is diminishing to zero. During 
these two periods sounds of lower pitch are generated than during the 
middle period. Consequently, near the upper limit, the subject may 
be expected to hear a note just when the wind is being admitted into 


1 Arch. f. d. ges. Physiol, 75, 8. 846. 1899. 

2 loc. cit. 

8 My thanks are due to Professor J.J. Thomson and to Mr T. B. Wood for permission 
to use the necessary apparatus in their respective laboratories, and to Mr J. W. Capstick 
for help in my earlier objective determinations of vibration-frequencies. 
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421 
whistles inmm. in vibr. whistles inmm. in vibr. 
length mm. of water _ per sec. Remarks length mm, of water __ per sec. ' Remarks 
18 20 — A mere quivering 4 30 — A quivering 
22 —  Anote rising in pitch 84 — Aclear low note 
with greater pressure 40 15,159 A higher note enters 
84 5,748 . — 46 — No note 
120 — . The note quivers 66 — A fresh quivering 
135 —  Nonote 70 9,361 A lower note enters 
and onwards 92 1,896 A Tn change to 
9 20 —  Adquivering high note | ~ 
no 
28 note rising in feeble clear note 
t quivers 
quivering 
460 — No note 114 — Anew note enters 
and onwards 200 — No note 
8 20 ao A tra of high note and onwards | 
24 ower note 
28 — The note quivers 3°25 44 of quivering 
80 _— The‘ note is suddenly 46 Sis Note lost 
| lowered, (7), rising 106 — Again a quivering 
80 8, 126 — A new note enters 
Bae 515 —_ No note 150 ee No note 
and onwards and onwards 
7 22 —  Aquivering high note | SERS. 
28 — A lower note 44 
40 — A high note sudden- 64 eas: Peas 
rising 116 — A fresh quivering 
700 + A note still faintly 
— A lowchirp 24,812 (Blown 
28 _ ear high note eta 
: 275 44 — A quivering note 
66 19,088 The note is heard 
denly appears clearly 
48 1, 62 — No note 
50 and onwards 
950 — A note still faintly 25 8§©=6- 50 — A quivering note 
audible 58 19,466 The note is heard — 
5 28 — A quivering note apna 
82 12,784 A suddenchange to a ‘Hone 
48 note quivers 
50 9,464 A lower note enters ie : 
64 higher note enters, 20.639 
rising in pitch ' clearly 
400 13,704 The note audible here 12 
and for far higher and onwards 
pressures 22, 840 a 
4°50 82 — A quivering 
72 23,466 No audible note 
ono 27 wn rubber- 
60 new (?lower) note Call) 
76 — note 1°75 No audible note | 
thence ? 30,050 (Blown with rubber- 
400 — Very faint, if present ball) 
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the whistle, and to hear it again immediately after the wind has been 
shut off from the whistle. 
I find this wniversally to be the case. It is, however, open to doubt 
_ how far the inaudibility during the middle period is due to the above 
cause and how far it is due to the masking effect of the wind-blast. 
Now the whistle-tones that have hitherto been subjected to objective 


examination have been generally those produced by exceedingly high 


wind-pressures,. while the tones that have been actually heard by the 
subject at that whistle-length will in all likelihood have differed 
considerably from the former both in pitch and in intensity. 


An example will make this clearer. I set myself to determine the | 


highest tone audible to a friend whose threshold is exceptionally low. 
When I compressed the bulb with moderate force, bis limit was reached 
at a (Hawksley-Galton) whistle-length of 13 mm., but when I compressed 
it gently, a note could be heard up to a pipe-length of 95mm. Now 
the whistle, 18 mm. long, emits a note of 5907 vibr. per sec. at a wind- 
pressure equal to 80mm. of water. Approximately the same note is 
produced with a pipe-length of 9 mm., at a wind-pressure of 30 mm. : 


while the same pipe-length (9 mm.) with the first-named pressure 


(80 mm.) yields a note of 7858 vibr. per sec. 

Similar results, of course far less marked, are obtainable in the case 
of subjects with normal range of hearing. The whistle can always be 
shortened until a point is reached at which the note can be heard only 
at the beginning and at the end of the blast. 

It might be thought that the use of a rubber-ball would have been 


generally condemned for blowing the Galton-whistle. Stumpf and 


Meyer’, indeed, urge that with a rubber-ball “not merely is the note 


too short but it varies considerably in pitch during its short duration, © 


as is recognized by the sudden rise in difference-tone.” On the other 
hand, Edelmann prefers the blast from the ball, as being freer from 
accompanying noises and, owing to the brief duration of the note, as 
causing less fatigue than other means of blowing the whistle. 

The advantage ofa water-driven air-blast lies in the delicacy with 
which the pressure may be adjusted. But with it, no less than with 
the blast produced from the rubber-ball, lower tones are unavoidably 
emitted by the whistle, when the wind is first en or when 
finally it is shut off. 

Compression of the rubber-ball produces air-pressures which are 


1 Annal. d. Phys. u. Chem. 61, 8, 778. 1897. 
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so suddenly and momentarily developed that a water- or mercury- 
manometer cannot be used to measure them. Even when using 
glycerine in the manometer (as a more viscid fluid than mercury or 
water), I found it impossible to measure the pressure. A fair proof 
of its magnitude, however, is afforded by the experiments of Schulze . 
with the Kénig- and Edelmann-Galton whistles. Pressures of 240 and 
550 mm. of water respectively gave lower tones with these two forms 
of whistle than were given by pressure of the rubber-ball at the same 
whistle-lengths. 

Edelmann sends with sacl of his whistles a paper which gives the 
certified pitch of the notes, emitted at definite lengths of whistle and 
breadths of aperture, and determined by curves derived from earlier 
estimations by the method of Kundt’s dust-figures. However, he 
neglects throughout to mention the wind-pressure at which these 
vibration-numbers were obtained. Indeed he urges that his whistle is 
superior to other forms in being comparatively unaffected by changes 
in pressure, 

I cannot confirm this claim. Using his latest pattern of whistle 
with a pipe-length of 1-3 mm., and a mouth- breadth of 08 mm., I can 
produce no sound until a pressure equal to 30 mm. of water is reached. 
Then a faint, quivering note is emitted which at 35 mm. pressure 
becomes a clear note. With further increase in pressure the tone 
obviously rises in pitch, until at 140 mm. pressure it disappears. 

According to Edelmann, the tone emitted from his whistle at this 
pipe-length (1°3 mm.) should be for all pressures about a’, 28,000 vibr. 
per sec. I find that at 


36 mm. pressure the vibration-frequency is 5,673 
680 » ” 23,315 


The pitch-changes are almost certainly due to the production of 
overtones in this pattern of Galton-whistle. 

To take a further example, Edelmann certifies the note wiithod 
from his whistle, at length of 144mm. and at a mouth-breadth of 
08mm., to be g#’, 27,000 vibr. per sec., whereas I find that at 


140 mm. pressure the vibration-frequency is 12,157 
200_— » » » 18,912 
PH. XXVIII. | 27 
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Further increase of pressure in certain cases produces little or no 
change in pitch. Thus for a pipe-length of 4°43 mm. at 


300 mm. pressure the vibration-frequency is 13,508 
550 ” ” ” 14 ,066 


Edelmann gives the vibration-frequency as 13,920. No note can be 
heard at. this pipe-length when the pressure falls below 100 mm. 

Edelmann believes that his whistle can produce an audible tone 
with the vibration-frequency of 50,000. I endeavoured to test this claim 
by a series of experiments. The following questions were involved in 
this inquiry. (1) Are such vibrations really present? (2) Is a tone 
audible during the attempt to produce such vibrations? (3) Are tones 
of lower pitch produced, ceteris paribus, under conditions of lower 
wind-pressure? (4) Does the tone (2), if heard, correspond to the high 
vibration-frequency which is objectively determined, or does it appear 
only at the moments of admitting and of shutting off the wind-pressure, 
corresponding therefore in all likelihood to the tones of (3) ? 

After many attempts I have not succeeded in producing such 
minute wave-lengths even in short tubes of very fine calibre, and with — 
a pressure of about 800 mm. of water. I have, however, several times 
produced them, using a powerful pressure on the rubber-bulb, and have 
deduced a vibration-frequency of 46,630. When the whistle is blown 
at this length of pipe with extreme gentleness, a note may often be 
heard ; but it is so faint as to be unmeasurable by any known method. 
With a forcible blast neither I nor various friends could hear any 
note. 

Having regard to the experiments before mentioned made with 
greater length of whistle, there appears to me little danger i in arguing 
by analogy that. really a note of 50,000 vibr. per sec. is inaudible, and 
that what is heard is a note of lower pitch (and of lower intensity) 
produced by a lower paw at the entry and at the _ of the 
air-blast. 


CONCLUSIONS. 


The result of these experiments is to show inter alia that : 

(1) In all varieties of Galton-whistle the pitch of the tones varies 
with the pressure of wind employed, the alterations of pitch through 
changes of pressure being usually — when - pressure is 
relatively low. 
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(2) Increase of wind-pressure occasionally produces a sudden 
lowering of the pitch. 

(3) In certain cases the pressure can be so adjusted as to give no 

audible sound, while a tone can yet be heard if the pressure is in the 
least degree increased above or diminished below that point. 
_ (4) A point is reached near the upper limit of hearing where a 
sound is only heard when the blast enters or is leaving the whistle. 
These are moments when the pressure is low and tones of lower | 
vibration-frequency are emitted. 

(5) To estimate the pitch of the highest audible tone, either the 
wind-pressure must be taken into account at the moment both of the 
physiological and of the physical determinations, or the lowest obtain- 
able tone emitted by the whistle with a given pipe-length (at relatively 
low wind-pressures) must be assumed to be the tone actually heard by 
the subject at that pipe-length. [It is clearly hopeless to rely on the 
subject’s statement that he hears a sound only at the beginning or end 
of the blast.] 

(6) A whistle-tone of 50,000 vibrations per second is inaudible. 
The highest audible tone from the Hawksley-Galton whistle for young 
adults is one of from 20,000 to 25,000 vibrations per second, as is 
shown by experiments in Torres Straits, Egypt and Scotland’, which — 
will appear in a forthcoming number of the Reports of the Cambridge ~ 
Anthropological Eapedition to Torres Straits (University Press, Cam- 
bridge). 

1 Of. Arch. of Otology, xxx1. pp. 284, 285. 1902. 
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A PRELIMINARY COMMUNICATION ON THE CHANGES 
IN NERVE CELLS AFTER POISONING WITH THE 
VENOM OF THE AUSTRALIAN TIGER-SNAKE 
(Hoplocephalus Curtus). By BASIL KILVINGTON, MS., 
M.D. (Melb.), Demonstrator of Anatomy, University of Melbourne. 
(Nine Figures in Text.) 


(From the Physiological Laboratory, University of Melbourne.) 


THE animals used in the experiments were rabbits. ‘0057 grms. of 
the dried venom was dissolved in 28°5 cc. distilled water. (Thus 
1 c.c.='0002 grms. venom.) This was injected subcutaneously. The 
animals lived from 20 minutes to 36 hours, according to the dose 
given. The immediate cause of death was respiratory paralysis. The 
heart continued to beat for some time after the breathing ceased. 
The chief symptoms manifested by the animals were great restless- 
ness and muscular weakness with tremor. In all cases the rectal 
temperature fell considerably. (In Rabbit 4 it fell to 30°C. before 
death, and in Rabbit 5 it fell to 34°C. and subsequently rose as 
recovery occurred.) Some of the animals which had received a fatal 
dose of poison ate fairly well after the injection. 

The following is a tabular list of the animals experimented upon, 
with the dose of venom and duration of life. 


No. Weight Dose per kilog. Time before death Remarks 
1 980 grms. 0001 grms. Recovery Temp. fell to 34°C. 
2 1800 0002 86 hours — 
8 1280 *0008 
4 1470 0004 4°; Killed when moribund 
5 1860 0005 2 hours 50 minutes 
6 1280 001 20 minutes No intravascular clotting of 
| the blood 


The spinal cord and brain were removed as soon as possible after 
death, cut into small slices and fixed by placing in absolute alcohol 
for 24 hours. They were then kept the same time in 90°/, spirit 
and ultimately preserved in 70°/, The tissues were embedded and 
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cut in paraffin. To avoid exposing them too long to the temperature 
of the paraffin bath they were soaked for 24 hours in xylol saturated 
with paraffin at 20°C., and then for 24 hours in xylol saturated with 
paraffin at 38°C., and finally placed in melted paraffin at 50—55° C. 
for half-an-hour. A healthy control specimen was prepared in precisely 
the same way. | | 
The part of the nervous system, in each case, selected for ex- 
amination was the central part of the cervical enlargement of the cord, — 
and serial sections were prepared, fixed to slides, and stained with 
methylene blue and eosin. 


Results of examination. There were no signs of inflammation 
present. Except in the animal which died in 20 minutes after the 
administration of the poison, the nerve cells exhibited signs of de- 
generation, which were most marked in those rabbits which lived the 
longest (and which had received the smaller doses). 

The changes consisted in a breaking up of the Nissl granules into 
a fine, dust-like deposit, which was scattered through the cell. This 
breaking up takes place apparently in several stages, smaller masses 
being formed which subsequently subdivide. 

This disintegration of chromatic material takes place either through- 
out the cell (as in Figs. 1 and 2), or unequally (as in Figs. 4 and 8). 

A dust-like deposit can be traced in some of the dendrites. 

The most extreme changes are seen in cells which appear as 
‘shadows’ containing a few fully staining particles (Fig. 6). Swelling 
of the cell-body is not a noticeable feature, and though the nucleus 
loses its distinct outline, it still as a rule remains in the centre of the 
cell. The nucleolus is nearly always present. 

(Figs. 2 and 6, for example, when traced serially show nuclei.) In 
some of the worst cells, however, as in Fig. 6, the nucleus has dis- 
appeared. 

Fig. 9 represents two cells with in each case a centrally-placed 
nucleus remaining, yet not a single Nissl granule is present. 

The position of maximum intensity of the lesions was in the cells 
about the central canal of the cord, viz. those at the inner side of the 
bases of the anterior and posterior horns, and especially the small cells 
in the grey commissure. 

In Rabbit 2, in which sufficient time had elapsed before death for 
marked alterations to take place, no healthy cell is present in this 
region. The big anterior horn cells in this animal almost all show an 
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The cells were drawn with the aid of a Zeiss camera lucida and magnified 425 times, 
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Fre. 1, Early stage chromatolysis. From near the central canal of Rabbit 4. Cell-body 


not swollen, nucleus indistinct, though nucleolus is plain. Shows also Nissl bodies 
and coarse and fine dust. 


Fra. 2. From the same situation in Rabbit 5. Slightly more advanced degeneration, as 
the remaining Nissl granules stain somewhat faintly. The nucleus is ssearesei in the 
next serial section. 


Fria. 8. From near the central canal of Rabbit 4. Still more altered. All the Nissl 
granules are replaced by coarse and fine dust, of which the latter is the more 
advanced change. Nucleus found in adjacent sections. 


Fie. 4. Large cell lying in the centre of the anterior horn cells in Rabbit 3. Uniform 
_ dust-like deposit except in parts of the cell alongside the dendrites, where some 
healthy granules remain. The dendrites also show some of the fine particles. 


Fie. 5. Here all the Nissl bodies have broken up, and in the — side of the cell the 


dust has begun to disappear. 


Fie. 6. From the extreme anterior margin of the anterior horn in Rabbit 5. Shows 
extreme chromatolysis, only a few faint blue granules persisting. It is one of the 
‘shadow’ forms and the nucleus has disappeared. It was alongside a large 
capillary full of blood. 


Fra. 7, From the same position in Rabbit 5 as the preceding. Shows similar but less 
advanced alteration, and. the nucleus and nucleolus are shown. : 


Fria. 8. Is also from the same situation in Rabbit 8. The cell is full of a fine dust, but a 
few Nissl granules remain, At the lower part of the cell is an apparent extension 
of stainable substance from the cell-body. | 


Fia. 9, Represents two small cells from Rabbit 8 near the central canal. The Nisal 


granules have disappeared and are replaced by coarse and fine dust which is patchily 

distributed. The indistinct nucleus is present in its normal central position. 
early change in which the Nissl bodies stain lightly, and some dust is 
present. The most internal of this group are most affected. 

Rabbit 5, which lived only 3 hours, shows the slightest amount of 
alteration—in fact, the anterior horn cells are mostly normal though 
widespread, but early changes are present in the deeply placed cells 
around the central canal. The other animals occupy an intermediate 
position with regard to the extent of the changes. 


Remarks. The character of the changes in poisoning by tiger-snake 
venom are of the same order as those described by Marinesco as toxic 
degeneration, and closely resembling those following the administration 
of fatal doses of abrin!, which in its chemical composition is'not unlike 
venom. 

The alteration in the motor cells is slight compared with what one | 
would expect from the symptoms. If we assume the cells of the cord 


1 Mott, Croonian Lectures, Roy. Coll. Physicians, June 1900. 
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are affected in a degree proportional to the dose of venom, it is evident 


that it takes considerable time for recognisable structural change to — 


manifest itself. In Rabbit 6, which received the maximum dose and 
lived only 20 minutes, the cord cells were absolutely unchanged. This 
animal died from respiratory failure, and the fatal result was not due 
to coagulation of the blood. In Rabbit 5, which lived about 3 hours, 
the visible changes were comparatively slight, yet an impression had 
been made on some part of the nervous system sufficient to be fatal. 
The Nissl method thus shows us nothing of the sudden and acute 
changes in nerve cells, and we have as yet no method which gives any 
clue on this point. 


Conclusions. The changes observed in nerve cells after poisoning 
with tiger-snake venom are: 

-(1) Chromatolysis, the Nissl granules breaking into dust. Ulti- 
mately, all stainable substance disappears. 

(2) The staining never becomes diffuse through the cell. 

(3) No swelling of the cell occurs. | 

(4) The outline of the nucleus is lost, but it retains its central 
position as a rule. In the very worst cells the nucleus disappears. 


The nucleolus is usually distinct, though it sometimes appears loose in 


the cell. 


(5) The changes are very unequal in different cells. 

(6) The cells around the central canal of the cord show the earliest 
and most advanced degeneration. 

(7) With rapidly fatal doses no microscopic changes occur. Its 
degree is dependent on the time the animal survives. 

(8) Inflammatory and vascular changes are absent. 


(I should like to express the deep obligation I owe to Dr C. J. Martin 
for the help he has given in this subject, and also to thank Mr Fielden ~ 


for allowing me to make use of the excellent — he had — 
of Rabbit 6.) 
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ON SALINE DIURESIS. By ARTHUR R. CUSHNY, 
AM, MD. 


(From the Pharmacological of the University 
| of Michigan, U.S.A.) 


It has been shown that the diuresis induced by neutral salts varies in 
extent, even when they are injected intravenously in such proportions 
that the solutions are isotonic with the blood (Haake and Spiro)’, 
or that the blood is equally diluted (Magnus)*. This suggested that 
certain salts, notably the sulphate of sodium, stimulate the renal cells 
to greater activity, a view that is irreconcilable with that of Ludwig, 
and is accordingly taken as evidence for the position of Heidenhain 
in regard to renal secretion. In a former paper*, I suggested an 
explanation compatible with the modified Ludwig theory, namely that 
the more diuretic salts have less tendency to permeate through the 
epithelium of the tubules than the less typically diuretic ones, and that 


_ fluid is therefore retained in the tubules which in the absence of these 


diuretic salts would have been reabsorbed. I found that when equi- 
molecular amounts of chloride and sulphate of sodium are injected 
together into a vein, there is a marked increase in the urine and in its 
content of chloride and sulphate. The chloride always predominates 
over the sulphate during the height of diuresis, if they are reduced to 
equimolecular terms, and this may be explained by the glomerular 
fluid being hurried through the tubules too rapidly to permit of the 
usual reabsorption in them; the urine thus resembles the glomerular 
fluid, that is, the different constituents are present in approximately 
the same proportions as in the blood, in which the chloride must always 
exceed the sulphate. When, however, any substance, such as urea, is 
injected in such amount as to exceed the chloride of the blood, it is also | 
present in larger amount in the urine even during the diuresis. As the . 


1 Hofmeister’s Beitriige z. chem. Phys. und Path. u. p. 149, cited from the Centralb. f. 
Physiol. xvi. p. 242. 

2 Arch. f. exp. Path. u. Pharm, xut1v. p. 896. 

* This Journal, xxvu. p. 429. 
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flow through the tubules becomes slower with the ebbing of the diuresis, 
more chloride is reabsorbed and the urine now contains more sulphate 
than chloride; although the sulphate is present in the glomerular fluid 
in smaller amount than the chloride, the latter escapes back into the 
blood through the epithelium of the tubules, leaving a disproportionate 
amount of sulphate to pass into the ureters. 

I anticipated that if the flow through the tubules could be slowed 
during the stage of diuresis, more opportunity would be given for the 
reabsorption of the permeating constituents of the glomerular fluid, and 
the solids of the urine would then come to resemble those of the stage 
of receding diuresis. The simplest method to accomplish this was to 
retard the escape of the urine through the ureters, and this was adopted 


in the following experiments. Before entering on these, it is necessary . 


to meet two difficulties which have been brought against the interpretation 
of the results of such experiments. Ludwig supposed that obstruction 
in the ureters retarded or arrested the glomerular secretion, through the 
fluid in the tubules being dammed back until the pressure in the capsule 


was equal to the filtration pressure, while Heidenhain? pointed out 


that the secretion may go on but be concealed by the whole or part of 
the glomerular fluid being reabsorbed in the tubules. On Ludwig’s 
view that absorption normally occurs in the tubules, there can be no 
question that Heidenhain’s explanation of the anuria arising from 
ligature of the ureter is the correct one. For the glomerular filtrate 
has under normal circumstances two alternative routes of escape, one 
into the collecting tubule, the other into the blood. The resistance in 
the latter route is less than one-thirtieth of that in the former, for 
Heidenhain calculates that of seventy litres of glomerular secretion 
sixty-eight must return to the blood, while only two escape into the 
ureter, if the view of Ludwig be the correct one. If the resistance to 
the escape into the ureter be increased, 'the natural result is that more 
of the fluid is deflected from this route, The only condition under 
which ligature of the ureter can be followed by increased pressure in 
the capsule is that the other way of escape, that by the blood vessels, 
is also closed. This might happen through changes in the absorbent 
epithelium, or in the case in hand by the accumulation of large 
quantities of non-permeating salts in the tubules. The presence in the 


. 1 The results of these experiments were given at the meeting of the American 
Physiological Society in December 1901, ee 
Journ. of Physiology, v1. p. xvii. 1902. . 
2 Hermann’s Handbuch der Physiologie, v. 1. p. 827. 
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solution of any body which cannot permeate the walls retards the escape 
of the fluid, and it is conceivable that on obstruction of the ureter these 
non-permeating bodies such as urea might. accumulate in the tubules, 
until their osmotic pressure equalled the absorbing power of the 
epithelium. If this occurred, the way of escape into the blood vessels 
being barred, the pressure in the tubules must rise until the fluid 
overcame the resistance in the ureters, or, failing this, until the pressure 
in the capsule became equal to the pressure of glomerular secretion, 
when of course all movemeut of fluid would cease. It is essential to 
recognize that this equilibrium can only be attained when escape through 
the ureters and reabsorption into the blood vessels are both impossible. 
The proportions of urea and impermeable salts necessary to counter- 
balance the absorption cannot be estimated, because the force inducing 
absorption is unknown, and in addition the epithelium is not absolutely 
impermeable. But the resistance in the ureter in my experiments 
never exceeded 30 mm. of mercury, so that even if the absorption were 
completely arrested, and of this there is no evidence, the fluid would not 
be dammed back in the capsule unless the secretion pressure is less than 
30mm. Aslongas the glomerular pressure exceeded this low point, the 
fluid could still escape through the ureters in preference to arresting 
the secretion through the capsule. On the other hand in complete 
obstruction of the ureter, if much urea, sulphate and other bodies are 
present in the blood, it is conceivable that the filtration may be arrested 
through equilibrium being established on the two sides of the capsular 
membrane. Gottlieb and Magnus’ argue that in ligature of the 
ureter the process is one of reabsorption and not of arrested secretion, 
from their observation that the pressure in the interior of the ureter 
may sink, indicating that fluid already secreted disappears. The objection 
to this argument is that it is impossible to drive back fluid from the 
ureters into the tubules, though I cannot suggest any other explanation 
of the phenomenon than the one they have accepted. 

Another objection to the method has been advanced by Lindemann?, 
who attributes the changes in the secretion induced by obstruction in 
the ureters to disturbance of the renal circulation. He found that, when 
the pressure in the ureter was raised to 100—200 mm. of mercury, 
the outflow from the renal vein and the pressure in its interior were 
reduced very considerably, while the oncometer showed a great expansion 
of the kidney volume. I have repeatedly noted engorgement of the 


1 Arch, f. exp. Pathol. u. Pharmakol. xiv. p. 248. 
? Ziegler's Beitriige z. path. Anat. u. Phys. xxi. p. 500. 1897. 
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kidney when fluid was injected into the ureter at a pressure of 100 mm. 
of mercury, the organ becoming very dark in colour, but returning to 
the normal tint when the pressure was reduced to 40mm. Lindemann 
found the venous outflow reduced by only 10 per cent. under a pressure 


in the ureter of 50 mm. mercury, and there is no reason to suppose that — 


_ the resistance of 15—30mm. at which the kidney worked in my 
experiments had any material influence on the renal circulation. 

The changes in the urine secreted under a slight increase of ureteral 
pressure may therefore be attributed to the absorption of some of its 
constituents in the tubules. 

The rabbits used in the following experiments were anzsthetised 
with ethyl urethane, or, where the urea was to be estimated, with 
paraldehyde. A cannula was inserted into the jugular vein and 
connected with a burette containing the warmed solution to be injected. 
The ureters were exposed by an incision in the abdomen, and into one a 
long glass cannula was passed and tied as far up as possible, while the 
cannula of the other was of a 7 shape. One horizontal arm of this 
cannula was tied into the ureter, the other was provided with a short 
indiarubber tube which could be compressed by a finely graduated screw 
clamp; the perpendicular arm was bent into a small manometer 
containing mercury. The urine from the ureter ran through the 
horizontal part of the 7’, and was received in a capsule placed below the 
orifice of the indiarubber tube’. When the clamp was tightened the 
urine escaped only under pressure, which was measured by the 
manometer. As a general rule the clamp was closed at the beginning 


of an experiment until the manometer showed the desired pressure, and 


the solution was then infused into the vein, while the pressure in the 
ureter was kept constant by tightening or loosening the clamp as required. 
In the beginning of an experiment this pressure rose and fell, obviously 
with the passage of peristaltic waves along the ureter. This soon 
disappeared however as the ureter became dilated, and the pressure 
afterwards showed very little variation. Even at the end of an 
experiment after the clamp had been removed, no evidence of the 
contraction of the ureters was offered, the urine escaping in a regular 
stream, while that from the other ureter showed the usual intermittent 
flow arising from the ureteral peristalsis. As a general rule the clamp 
had to be loosened during the diuresis and tightened as it passed off, in 
order to maintain the pressure at a constant level. 


to contain 0°3—0°4 c.c, 
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The solutions injected were composed of equal parts of equimolecular 
solutions of chloride and sulphate of sodium, or of the chloride and urea, 
and the perfusion was carried out in the same way as described in my 
former paper. The pressure in the manometer was generally 20 mm. 
Hg, rarely 30 mm., and in some experiments 15 mm. 

In the first experiments a mixture of equal parts of sodium chloride 
solution 5°85 per cent. and of sodium sulphate solution 142 per cent. 
was injected into the jugular vein. The chlorides of the urine were 
estimated by Volhard’s method, the sulphates by precipitation with 
barium chloride and weighing. The quantities given in the tables are 
the absolute amounts of chloride (Cl) and sulphate (SO,) contained in 
the urine, 


Exp. I. Oct. 21, 1901. A rabbit of 1400 g. anesthetised with urethane. 
The manometer cannula was inserted in the right ureter. 


3.30—3.50, infusion of 30 o.c. of solution in the jugular vein. The screw 
clamp was tightened at 3.30 until the manometer gave a pressure of 30 mm. Hg, 
which was maintained throughout. 
Urine Chloride Sulphate 
6.6. grammes grammes 
Left kidney 24 00809 0:1080 
4.37—4.47 Right kidney 8 00142 0:0667 


Difference (absorbed) 16  0-0667 0°0413 


Assuming the glomerular secretion to have been equal on the two sides, 
66 per cent. of the fluid, 82 per cent, of the chloride, and 38 per cent. of the 
_ sulphate were reabsorbed in the tubules of the right kidney. This indicates 
that more of the chloride permeated the epithelium than of the water, while 
less than half as much sulphate as chloride escaped in this way. Before the 
clamp was applied the two kidneys were secreting at an equal rate. 


Exp. II. Oct. 7, 1901. A rabbit of 1400 g. was anesthetised with 
urethane. The manometer cannula was inserted in the left ureter. 


3.10—3.40 p.m., 50 c.c. of the solution was infused. 3.10—3.15, urine 
from left ureter 1°54 g., from right 1°35 g. At 3.15 the clamp was tightened 
until the manometer showed a pressure of 20 mm. of mercury. From 
3.15—3.20 the mercury oscillated from 15—25 mm., but afterwards was 
maintained practically stationary at 20 mm. by very minute changes of the 
| 
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Urine Chloride Sulphate 
in 6.¢. in grammes in grammes 
Right 10-4 00328 0-084 
3.15—3.25. 70 00173 0-083 (2) 
Reabsorbed  3°4(33°/,) 0-0155(47°/,) 0-001 (1°/,) 
Right 120 00456 0-086 
3.25—3.30 | Left 0-0256 0-066 
 (Reabsorbed  4°4(37°/,) 0°02 (44°) 0-02 (23°/,) 
| Right 12:2 0:0486 00842 
3.30—3,35 0-0260 00643 
Reabsorbed 4:7 (38°/,) 0°0226(46°/,) 0°0199(24°/,) 
Right 98 "00382 
3.35—3.40 5:2 00168 00499 
\Reabsorbed 4°6 (47°/,)  0°0214 (56°/,) 0-0256 (34 °/,) 
Right 8-9 00192 0:1317 
3.40—3.55 | Le 36 00047 0:0763 
Reabsorbed  5:3(59°/,) 0:0145(75°/,) 0°0554(42°/,) 
68 00090 01129 
3.55—4.15 | Le 0-0007 00821 
Reabsorbed (46°/,)  0°0083(92°/,)  0-0308 (27 
‘Right 9-0 00108 01683 
4.15—5.5 | t 2:8 0-0 0-0532 (1) 
Reabsorbed (69°/,) 0°0108 (100°/,) 0°1151 (68 °%/,) 


In these experiments the sulphate absorbed in the tubules of the 
obstructed side forms a smaller proportion of that leaving the capsule than 
is true of the chloride and water. The epithelium of the tubules takes 
up more chloride than water and least of all the sulphate. The course of 


the excretion by the kidney which is free from resistance is similar to that: 


described in my former paper, the chloride ions exceeding the sulphate 
as long as the diuresis is marked, that is till 3.40 in exp. IL, but the 
sulphate ions after this point preponderating over the chloride. In the 
urine from the left kidney on the other hand, the sulphate proves to be 
_ in. excess throughout the experiment, which demonstrates sufficiently 
the correctness of the explanation already suggested, namely that the 
changes in the relative proportion of sulphate and chloride in these 
experiments are due to the absorption being imperfect in the first stage 
of diuresis and more efficient in the second. It is to be remarked that 
on the whole the resistance to the passage of urine has a greater effect 
in the phase of ebbing diuresis than in the earlier stages; this may be 
due to the secretion leaving the tubules under a higher tension during 
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diuresis, as Gottlieb and Magnus found to be frequently but not 
invariably the case. Even where the passage of the fluid along the 
tubules is retarded by resistance to its escape through the ureters, the 
epithelium is not able to cope with the flood so en as it does 
later when the current is slower. 

In a second series of experiments chloride of sodium and urea were 
injected in equimolecular parts by mixing equal parts of a solution of 
sodium chloride 5°85 per cent. and one of urea 6 per cent. The urea of 
the urine was estimated by the Mérner-Sjokvist method. 


Exp. III. April 16, 1901. A rabbit of 2000 g. anzsthetised with — 
paraldehyde. The manometer cannula was placed in the right ureter and 


_ the clamp was screwed tight until the pressure amounted to 20 mm. of. 


mercury. 3.20—3.38, infusion of 50 c.c. of the mixtare into the jugular vein. 


Chloride 


Urine | Urea 
in ¢.¢. “grammes grammes 
Left ureter 0-0379 00517 
3. 20—3.30 Right ureter 5-0 0:0204 0:049 
Reabsorbed 3°4(40°/,) 00175 (46°/,) 0-0027 (5°,) 
Left ureter 228 = 01085 0-1121 
3.30—3.40 {Right ureter 0:0572 0-08 
Reabsorbed  10°5(46°/,)  0°0513 (47°/,) 0°0321 (28°/,) 
Left ureter 17°4 00821 0-0814 
3.40—3.50 68 0-033 0-037 
(61%) 00491 (60°/,) 00444 (54 
ureter 8:2 0-0398 0-0535 
“Ss 504,00" ureter. 2:3 0-0102 0-0310 
5-9 00296 (74°/,)  0-0225 (42%,) 
Left ureter 144 0:0736 0-0847 
4,00—4,30 ureter 0-0146 00443 
Reabsorbed 10°8(75°/,) 0°059 (80°/,) 00404 (48%/,) 


At 4.30 the clamp was removed and a solution of lithium chloride was 
run into the vein. The urine secreted by the right kidney in 15 mins, was 
28 c.c., that by the left 26°5 c.c., so that no injury had been done by the 
manipulations during the experiment. 


This experiment was repeated a number of times with the same 
result. The deficit of urea on the side on which resistance was offered 
was always less than the deficit of fluid and chloride, so that urea 
resembles the sulphates in being less readily taken up by the tubules 


than chlorides and water. 
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_.. The chloride was absorbed in larger proportion than the water 

though the difference is less than in expts. I. and II. The fact that 
the urea does not disappear so readily as the fluid and water may of 
course be interpreted as indicating that the urea is secreted by the 
tubules, but the logical sequence of this view would be that the sulphate 
is also excreted here, for the urea and sulphate of the urine run parallel 
The excretion of the phosphates followed that of the sulphates so — 
closely in my former experiments, that I have not considered it 
necessary to perform experiments in regard to their excretion under 
resistance. 

One other constituent of the urine that is obviously absorbed with 
difficulty is the pigment. When diuresis occurs, the urine loses its 
coloration and becomes clear and limpid. But when the flow is retarded 
by obstruction of the ureter, the colour departs much less from the 
normal, so that if the pigment is excreted by the glomerulus, the 
tubules have difficulty in taking it up. 

In all of these experiments the percentage of chloride absorbed was 
greater than that of the water; in other words, the fluid entering the 
epithelium contained a higher percentage of chloride than the original 
glomerular secretion; or the cells were permeated more readily by 
chloride than by the water in which it was dissolved. This would 
appear at first sight improbable were not a similar phenomenon known 
in unorganised colloid bodies. But Hofmeister’ has shown that a wet 
gelatine plate placed in a solution of sodium chloride takes up more of 
the salt than of the water, exactly as the renal epithelium appears to 
do. In my experiments, the amount of water was probably limited by 
the osmotic resistance offered by the non-permeating sulphate and urea, 
and three experiments were therefore performed to find whether more 
chloride than water would be absorbed when no sulphate or urea was 
present in excess. For this purpose a solution of sodium chloride 5°85 
per cent. was infused into the vein. 


Exp. IV. Jan. 30, 1902. Rabbit of about 2200 g. anesthetised with 
paraldehyde. Manometer cannula in the left ureter. 53 ¢.c. of a 5°85 per 
cent. solution of sodium chloride were injected into the jugular vein between 
4.5 and 4.30 p.m. The clamp was screwed down until the resistance was 
20 mm. mercury. 


1 Arch. f. exp. Path. u. Pharm. xxvut, p. 210. 
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Urine Chloride 
grammes 
ight ureter 17 0°1125 
4,5—4.15 Left ureter 55 00451 
Reabsorbed 11°5 (68 °/,) 0:0674 (60°/,) 
Right ureter 16 0°1049 
4.15—4,.25 ureter 4°4 0°0358 
Reabsorbed :11°6 (72°/,) 0°0691 (66%,) 
Right ureter 00427 
4.25'--4.35 Left ureter 21 0:0169 
Reabsorbed 3°3 (61 °/,) 0:0258 (60 °/,) 


1 During this time there was partial asphyxia. 


Right ureter 3°7 
4.35—4.45 Left ureter 


Reabsorbed 3-4 (91°/,) 
4.45. The clamp was removed from the cannula. 


Right ureter 0-0251 
ureter 4-2 0-0298 

Right ureter 3 0°0194 
{tek ureter 3 0-0206 


In these experiments the chloride was reabsorbed in rather lower 
proportion than the water, indicating that a somewhat more dilute fluid 
returned to the blood than that in the tubules. The presence of 
sulphate and urea in large amounts thus appears to retard the 
absorption of water and not of chloride, while the cells of the tubules — 
are ordinarily not more permeable by chloride than by fluid. This 
forms a valuable support for the explanation of the greater diuretic 
power of sulphate and urea as compared with chloride given above, 
namely that the former retard the absorption of the water of the urine 
and thus permit a targa: amount of the glomerular filtrate to reach 
the ureters. 

The result of these experiments is to show that, under circumstances 
in which absorption is admitted to occur by Heidenhain and his 
followers, the chlorides and water return to the blood much more 
readily than the sulphates, phosphates, urea and pigment. And this 
differential absorption is all that is required to explain the course of 
the excretion of these bodies when they can pass into the ureters 
without resistance. It therefore seems justifiable to assume that here 
also the phenomena are due to the reabsorption in different degrees of 
the constituents of the glomerular fluid. It remained only to show that 

PH. XXVIII. 28 
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this reabsorption takes place in the renal tubules and not in the ureter 
and renal pelvis. For this purpose a cannula was inserted in the ureter _ 
and filled with sodium chloride solution (0°8 per cent.). It was then 
connected to a tube filled with the same solution and this was raised 
until the column of fluid pressing on the ureter and pelvis amounted 
to 1200 mm. Beyond the first fall in the fluid which indicated the 
distension of the ureter and pelvis, practically no change in its height 
occurred during 30 minutes, indicating that no absorption took place. 
It has long been known that the tubules cannot be injected from the 
ureter; this experiment indicates therefore that the ureter and pelvis 
fail to absorb salt solution. I had hoped to paralyse the absorption in 
the tubules by allowing quinine nitrate to act on them, but a solution 
of this salt with methylene blue injected into the ureter and held there 
for half-an-hour failed to colour the tubules, so that the attempt had to 
be abandoned. 

Several investigators have compared the constituents of the urine 
secreted normally with that secreted against resistance in the ureter. 
Thus Hermann’, on examining the urine in the interior of a ligatured 
ureter, found the percentage of urea increased while that of the chloride 
was less than the normal. In a later paper* he states that in the 
stagnant urine the percentage of urea is less, while that of kreatin is 
higher, and that this is also true when the ureter is only partially 
obstructed. Lepine and Porteret* compared the urine of the two 
kidneys in the dog after the injection of 5 per cent. salt solution, 
resistance being offered to the passage along one ureter. They found 
that when the resistance was great, the fall in the water ‘and chlorides 
was much greater than in the urea and somewhat greater than that of 
the total salts. The ‘total salts’ includes sulphates, phosphates and 
alkaline earths, and their results thus agree with those in my experi- 
ments. But when a lower resistance (15 mm. mercury) was used, they 
found the urea fall more rapidly than the chloride and total fluid. 

Lindemann‘, comparing the urine, urea and chloride from the two 
ureters, one of which was put under pressure, states that his results 
agree with those of Lepine and Porteret, and attributes the alteration 
induced on the obstructed side to changes in the renal circulation, 
althotigh at the pressures he used these are absent or trifling in amount. 


* Sitewngsber. der Wiener Akad. xxxv1. p, 363. 

Ibid. xiv. p. 342. 

3 Comptes rend. de Académie des Sided cv. p. 74. 1888. 
* Ziegler’s Beitriige z. path. Anat, u. Phys. xx1. p. 500, 1897. 
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His results agree with mine except in regard to the effects ef low 
resistance in the ureter. He details two experiments bearing on this 
point, in one of which the resistance amounted to 7, in the second to 
10 mm. of mercury; but in the first there is an error in calculation, 
which when corrected gives a smaller deficit in urea than in chloride 
_ and water, so that the statement appears to be supported by only one 
experiment. In my experiments I have not used a lower resistance 
than 15 mm. of mercury, but the results here differed in no way from 
thsoe obtained under higher resistances. It is possible that the 
divergence between the results of these investigators and mine is due 
to their having used dogs, while my experiments were made on rabbits. 

Saline diuresis has generally been regarded as due to stimulation of 
the renal cells by the presence of water or salts in excess in the blood; 
but another view advocated by Starling’ on the basis of Ludwig’s 
theory attributes it to changes in the renal circulation, and thus 
regards the augmented activity of the kidney as largely the indirect 
result of changes induced by the salts in other parts of the body. 
Starling’s experiment in support of this view consisted in keeping the 
volume of the kidney constant by bleeding from the carotid when it 
tended to increase after the injection of dextrose; he found that as 
long as the blood-flow through the kidney (measured by the oncometer) 
did not rise in amount, no diuresis resulted, and concluded that the 
diuresis following dextrose injection ordinarily is the result of the 
hydremic plethora along with some dilatation of the renal vessels 
through the action of the foreign substance in the blood. The objection 
may be made to this experiment that the hemorrhage besides keeping 
the blood volume constant may interfere with the activity of the 
kidney in some other way, and I have accordingly attempted to test 
the theory in a different way. The volume of the kidney was measured 
as in Starling’s experiments by the oncometer, but instead of with- 
drawing blood to maintain the volume at a constant point I compressed 
the renal artery by a screw clamp made for the purpose. The other 
kidney continued to secrete normally, and the urine on the two sides 
could be contrasted, with certainty that it was secreted under the same 
conditions except as to the quantity of blood flowing through the two 
kidneys. The left renal artery in the rabbit runs at a little distance 
from the vein for part of its course, and special precautions were taken 
to avoid any pressure on the vein by the clamp. It was found necessary 


1 This Journal, xxtv. p. 317. 
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to immerse the animal in a bath of warmed physiological salt solution 
(0°8 per cent.) in order to avoid the effects of air and cold on the 
abdominal viscera. The ureter cannule were long thin glass tubes, and 
the free ends were brought above the surface of the solution and led into 
weighed glass capsules. The oncometer communicated with a hori- 
zontal tube and the changes in volume were read off on a scale placed 
behind this. 7 

Exp. V. Jan. 23, 1902. A rabbit of 950g. weight was anzsthetised 
with paraldehyde 1:5 g. Laparotomy, cannule in the ureters, oncometer 
on left kidney, and clamp round the left renal artery as described above. The 
fluid extended to 52—55 mm. along the oncometer scale; pulsations of the 
heart and respiratory movements were well marked init. At 3.40 an infusion 
of 3 per cent. sodium chloride into the jugular vein was commenced and 
continued to the end of the experiment, about 2 c.c. being run in per minute. 
The changes in the volume of the kidney and in the amount of urine are given 
in the following table. The urine is estimated in drops per minute, the drops 
from the two cannule being practically equal in size. The drops were counted 
by two assistants and the numbers given are generally the average of several 
counts. The arterial pulsations remained visible on the scale throughout the 
experiment. 


r minute minute 
Time scale ureter ureter 
8.30 52—-55 4-4 Normal secretion 
8.40—8.50 80—190 6 5 Infusion of salt solution began at 3.40 
: : and the volume of the kidney at once 
began to swell 
3.51—4.00 oc ee 20 4 The a. on the left renal artery was 
tightened until the kidney resumed 2 
normal volume 
. 4.02 200 20 17 Clamp loose at 4.01 
4.04 200 20 23 
4.07 200 25 15 
4.10 120 23 4 The clamp was partially closed at 4.09 
4.14 120 20 2 Clamp in same position 
4.15 55 20 4 Clamp tightened until kidney of normal 
volume 
4.20 . 140 20 11 The clamp mane but not completely 


In this series of experiments the blood flowing through the two 
kidneys had of course the same constituents, and as long as the circulatory 
conditions remained the same on the two sides the urine was practically 
equal in amount, the left kidney secreting rather less than the right in 
exp. V. When, however, the changes in the circulation induced by the 
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saline injection were excluded on the left side, the secretion fell to 
practically the same quantity as was passed before the injection. The 
constriction of the renal artery was sufficient to counterbalance the 
effects of the saline injection, although it did not prevent the passage 
of blood, for the kidney volume was the normal, while complete closure 
of the artery at the end of the experiment reduced it considerably. 
Moreover the pulse was marked in the oncometer tube throughout the 
experiment, and a normal secretion persisted during constriction, lasting 
for over half-an-hour in some experiments. Again in exp. V. there 
could be no question that blood was passing through the kidney in 
large amount when the clamp was only partially — at 4.10 and 
4.20, yet the secretion was markedly diminished. 

If the diuresis after saline infusion were due to stimulation of the 
renal cells by the abnormal constitution of the blood, it would probably 
be much less affected by such a slight diminution of the blood supply. 
On the other hand, these experiments confirm Starling’s view fully, 
that the saline diuresis is due to the hydremic plethora, which may be 
accompanied by a direct dilator effect in the kidney itself. Anything 
which interferes with this excessive supply of blood to the kidney 
lessens the diuresis, and when the blood volume in the kidney is re- 
duced to the normal, the secretion of urine also becomes practically 
normal. 

This conclusion is opposed to that reached by Magnus! after a 
series of experiments in which the effect of intravenous injections of 
strong salt solutions was contrasted with that of the plethora induced 
by blood transfusion. No diuresis followed in the latter, and Magnus > 
infers that plethora alone is not sufficient to increase the activity of the 
kidneys, and that some other factor is involved in saline diuresis. 
Much of the plasma of the transfused blood ‘escaped as lymph, so 
that although the increased volume of the circulating blood led to 
augmented ténsion in the arteries, veins, and capillaries, the volume 
was increased mainly by the mass of corpuscles, and the vessels 
contained less plasma in proportion to the cells. than before the 
transfusion. When strong saline solutions were injected, on the other 
hand, and diuresis followed, the blood voltime was increased only in 
plasma, this increase being due in part to the fluid injected, in part 
to the inflow of lymph from the tissues into the blood vessels. The 
transfusion experiments thus resembled those with saline injection only 


1 Arch. f. exp. Path. u. Pharm. xuv. p. 210, 
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in the increased bulk of the blood, but differed entirely in the relation 
which the total volume of the blood bore to the fluid, which alone can 
pass through the renal capsule. In plethora from transfusion the 
excessive fluid escapes as lymph, while in plethora from strong saline 
injection it escapes as urine; the explanation may be that in the latter 
case escape into the tissues is blocked by the counter-current of lymph 
poured into the blood vessels owing to the high osmotic pressure of 
the solutions injected. The fluid, therefore, follows the only other way 
of escape, that by the glomerular capsule. In short, while Magrius’s 
experiments indicate that all forms of plethora do not induce diuresis, 
one cannot safely deduce from them that the saline diuresis is indepen- 
dent of the hydreemic plethora. 

In addition, the blood after transfusion was in a state of marked 
anhydremia, as was indicated by the very high percentage of hemo- 
globin (e.g. 19°78 per cent. as compared with 15°38 before transfusion). 
It is to be anticipated that absorption was accelerated from all 
available supplies of fluid and the reabsorption in the tubules may 
have been sufficient to conceal any augmentation of the glomerular 
fluid. This may appear an acceptation of the view that the saline 
diuresis is due to the abnormal constitution of the blood and not to 
the physical effect of plethora; there is however this difference, that 
Magnus regards the saline diuresis as due to specific stimulation of | 
the renal cells which is not induced by plethora, while I would suggest 
that the diuresis from saline injection is largely physical in origin, 
and its absence after transfusion is due to the fact that in the latter 
case the fluid of the blood can escape into the lymph spaces, and in 
anhydremic plethora (such as in Magnus’s experiments) there may be 
a further hindrance to diuresis through an augmented absorption of the 
glomerular filtrate in the tubules. According to Ludwig’s view the 
balance between the different constituents of the. blood must be main- 
tained for the most part by varying activity of the epithelium of the 
tubules. For example, when large amounts of fluid are lost from the 
body by other channels, the activity of the renal epithelium must be 
increased, in all probability by the physical effects of the alterations in 
the blood and lymph surrounding them. An exact parallel is offered 
by the behaviour of the intestinal epithelium when fluid is withdrawn 
from the body in large amounts, for it then absorbs solutions of saline 
_ cathartics which would ordinarily lead to the passage of fluid from 
the blood into the lumen of the bowel. Magnus’s plethora appears in 
reality to induce the same effects as the withdrawal of fluid, for the 
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hemoglobin percentage of 19°78°/, as compared with the 15°38 before 
the transfusion indicates a change in the relative proportion of 
corpuscles and plasma such as would follow the withdrawal of 11 per 
cent. of the latter. 

I have performed several experiments in which serum was injected 
instead of blood. | 


Exp. VI. Several rabbits had been fed on carrots for two weeks. Two 
of them were bled and the serum separated by the centrifuge. It was quite 
clear and contained 0°387 of chloride per cent. (Abderhalden’ gives 0:3883 
per cent.). A third rabbit of 965 g. weight was anesthetised with urethane 
and a bladder cannula was tied in. From 4.15—4.26 40 c.c. of serum was 
infused into the cee vein. 


3,554.15 Urine 07 g.  §.35—5.55 Urine 13°87 g. 
4.15—4.35 5.55—6.15 ,, 17°98 
4.35—4.55 » 2°46 6.15—6.35 ,, 802 
4.55—5.15 » 2°84 6.35—6.55 ,, 2°24 
5.15—5.35 


If these results be compared with those obtained by Thompson? 
after the injection of dilute sodium chloride solution, a striking similarity 
will be recognized at once. The blood of this rabbit may be estimated 
at 75 c.c. and its plasma at 47¢.c. (Abderhalden). The plasma was 
practically doubled by the infusion and this led to a marked diuresis, 
which, however, reached its maximum only during the second hour, 
exactly as in Thompson's experiments. This late diuresis may be due 
to the injection first escaping as lymph from the blood vessels. 


Exp. VII. Three rabbits fed on dry hay for a week and then starved for 
24 hours, Two of them were bled and the serum separated by the centrifuge. 
The third, 1320 g., was anwsthetised with paraldehyde and a bladder cannula 
was inserted. 50 c.c. of serum-was infused into the oo vein between 
3. 45 and 4.05. 


3.20—3.40 Urine 0°51 g. 4.40 Urine 037g. 


3.40—3.50 , 0:29 4.50 0°26 
4.00 0°25 5.00 O21 
4.10 145 
4.20 » 593 5.20 0°35 
4.30 | 


An infusion of strong sodium chloride at this point caused profuse diuresis, 


1 Ztschr. f. phys. Chem, xxv. p. 65. 
2 This Journal, xxv. p. 487. 
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In this experiment the diuresis was comparatively slight, perhaps 
because the fluid of the blood was reduced by the feeding with dry 


_ fodder during warm weather. This preliminary treatment is similar to 


that advocated by Magnus. Serum therefore seems to cause diuresis. 
when injected intravenously, although no marked change in the consti- 


_ tution of the plasma could be induced by it, but only in the volume of 


the blood. It is impossible to state, however, that the serum injected 
was identical in composition with that of the animal experimented on, 
and comparatively slight deviations may be sufficient to induce diuresis, 
as Magnus has shown. It appears impossible to obtain evidence of the 
diuretic effects of serum infusion to which this objection could not 
be made, and this method of attacking the problem was therefore 
abandoned. The few experiments made, however, suggest that serum 


has diuretic properties similar to those of dilute salt solution, and in 


consequence support the view that the diuresis following the injection 
of saline diuretics is not due to stimulation of the secretory renal cells. 
by the presence of abnormal constituents in the blood, but is the result 
of the increased volume of the blood. 

A question bearing on saline diuresis is that of the influence of the 
proteids of the blood on the activity of the kidney. If the proteids — 
possess osmotic pressure, their presence in the plasma must retard the 
passage of fluid through the capsule, and a plausible explanation of 
saline diuresis would be the reduction of the osmotic resistance to the 
passage of fluid owing to the dilution of the proteids. Three experi- 
ments were performed in which the effect of ordinary serum was 
compared with that of serum, most of the proteids of which had been 
removed by diluting with water, boiling with a few drops of hydro- 


chloric acid, filtering and reconcentrating to its original bulk. The 


animal received an injection into the jugular vein, and when the 
resulting diuresis passed off, a second injection was made in the 
same way of the fluid to be contrasted. Each caused diuresis; in one 
experiment the serum was the more effective, in the other two the 
boiled serum was followed by a greater increase in the urine. But the 
diuresis following the first injection passed off so slowly that the animal 
had to be exposed two or three hours before the amount of urine 
returned to the normal, and the second injection always induced less 
change than the first, so that no entirely satisfactory inferences could 
be drawn from these experiments except that the aia of proteids 
in the solution injected did not prevent diuresis. 
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SUMMARY OF RESULTS. 


The absorption from the renal tubules in the rabbit, when the 
outflow is obstructed, is differential, the water and chlorides returning 
to the blood much more readily than the sulphates, phosphates, urea, 
and pigment. The presence of these last in the glomerular secretion 
must therefore tend to retard the absorption of water by opposing 
osmotic resistance to the absorbing force. When, as after their intra- 
venous injections, they are present in large amounts, the urine is 
increased more than when such permeating bodies as the chlorides are 
in excess. If the absorption in the tubules under normal circumstances 
is similarly differential, as appears probable, this is sufficient explanation 
of the variation in the diuretic action of different salts. 

The saline diuresis appears to be due not to stimulation of excretory 
cells in the kidney primarily, but to the changes in the circulation of 
the kidney; for when these are excluded, the injection of salt solutions 
causes little or no change in the urine, and on the other hand, an 
increase in the volume of the blood without change in its constituents 
appears sufficient to induce diuresis. 
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PANCREATIC ZYMOGENS AND PRO-ZYMOGENS. By 
H. M. VERNON, MA., M.D., Fellow of Magdalen College, 
Oaford. | | 


(From the Physiological Laboratory, Oaford.) 


It was pointed out by Briicke in 1861 that prolonged extraction 
with water does not remove all the pepsin from. gastric mucous 
membrane. Further treatment of the tissue with dilute hydrochloric 
acid still gives a pepsin-containing extract. Arguing from this evidence, 
Langley' came to the conclusion that the zymogen exists in the cells 
in more than one condition. He supposed that “the protoplasm of 
the gland cells does not at one swoop form zymogen as it occurs. 
immediately previous to its conversion into pepsin, but forms certain 
intermediate bodies in which the zymogen radicles become more and 
more isolated. Since the zymogen contains the radicle of the ferment, 
the ferment will be obtained with greater difficulty from the imperfectly 
elaborated zymogen, 1.¢. as we ascend from the final mesostate to 
protoplasm, the ferment will be split off less and less readily.” 

In a former paper’, concerning pancreatic zymogens, I adduced 
some observations which seemed to show that these bodies differ in 
solubility, the imperfectly elaborated zymogens being insoluble, and 
the fully elaborated zymogens perfectly soluble. However, the evidence 
was not conclusive, so it seemed worth while to study the question 
again, and in greater detail. The method of experiment was very 
simple. Pancreatic gland tissue of the pig or sheep was obtained in as 
fresh a condition as possible, dissected free from fat and connective 
tissue, and then thoroughly minced in a mincing machine. In the case 
of the pig’s pancreas, 75 grams of the minced tissue were mixed with 
150 c.c. of dilute alcohol (1 part methylated spirit and 3 parts water), 
and another 75 grams with 150c.c. of glycerin (3 parts glycerin and 
1 part water). The tissue and extracting liquid were shaken together 
thoroughly at short intervals for an hour, and were then separated by 


1 This Journal, 1. p. 290. 1882, * This Journal, xxvu. p. 294. 1901. 
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centrifugalising for half an hour. Each mass of gland substance was 
now mixed with a fresh 150c.c. of its appropriate extracting liquid, 
whilst the somewhat milky extract obtained after centrifugalisation was _ 
filtered clear through filter paper. Clear alcoholic and glycerin extracts 
of the gland tissue were thus obtained, containing all the soluble 
constituents removeable during about one hour’s extraction. The small 
quantities of solid matter left on the filter papers were returned to the 
gland substance undergoing its second extraction, and, 20 hours after 
the beginning of the experiment, the extracting liquids were separated 
off as before, by centrifugalisation and subsequent filtration. These 
extracts therefore contained the soluble constituents removeable from 
the gland substance between the end of the Ist and the end of the 
20th hour. Further volumes of 150 c.c. of dilute alcohol and of glycerin 
were now added as before, and were allowed to remain in contact with 
the gland substance for 4 days; 1.¢. from the 20th hour to the 5th day. 
Another separation of gland substance and extracting liquid was made 
after 13 days, and, in the case of the glycerin extract, still another after 
38 days. After 13 days in the one case, and 38 days in the other, the 
gland substance was allowed to remain permanently in contact with 
the extracting liquid, small quantities of this being filtered off freshly 
each time it was required for testing. Altogether, therefore, five 
successive extractions of the gland substance were made with dilute 
alcohol, and six with glycerin. 


The tryptic and rennetic values attained by the extracts. 


The various extracts obtained in the manner indicated were kept at 
room temperature, and tested from time to time in respect of their 
ferment activity. The methods of determination of the tryptic power 
(dependent on fibrin digestion); and of the rennetic power (dependent 
on the metacasein reaction of milk), have been described in detail in 
former papers’, and so need not be referred to again. 

The values obtained with the dilute alcoholic extracts of pig’s 
pancreas are given in the accompanying table. Here we see that the 
0 to 1 hour extract contained practically no free ferment when first 
made, for even after it had been kept for one day its tryptic value, 
or T, was only ‘8. After the 2nd day, however, the zymogen present 
underwent a rapid conversion into enzyme, and by the end of the 8th 
day, all of the ferment seemed to have been set free. The tryptic value 


1 This Journal, xxvu. p. 405, and xxvm. p. 174. 
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then began to diminish, and after three months had fallen to a third its 
maximum value. The second extract, made from the end of the 1st to 
the 20th hour, showed similar changes of tryptic power, though in its . 
case the conversion of zymogen into enzyme was somewhat more rapid 
than in the first extract. The maximum tryptic value, attained after 
5 days, was somewhat greater than the maximum of the first extract. 
The third extract, from the 20th hour to the 5th day, had attained a 
considerable tryptic power by the end of the 5th day, or when still in | 
contact with the gland substance, but this did not seem to induce 
a more rapid extraction of zymogen from the gland substance, as the 
extract acquired only about two-thirds the tryptic power of the first and. - 
second extracts. This slowness of extraction was not owing to the lack 
of ferment to extract, for the fourth extract—from the 5th to 13th 
days—developed as great a tryptic power as this third extract. By 
the end of 13 days, however, nearly all the ferment had been removed, 
so the final extract never acquired much tryptic power. 

As a rule the rennetic power of the extracts was determined as well 
as the tryptic, and the R values obtained are given in the table, below 
the corresponding T values. The ratio of R to T is also given in each 
case, and from these ratios we see that the relative amounts of the two 
ferments present always kept fairly constant. In the last column of 
the table are given the averages, not of all the R+T values, but of 
those obtained at the times when the extracts were at about their 
maximum ferment activity. By this means the experimental error is 
reduced, for in the case of the rennetic value determinations, the error 
is somewhat considerable. The mean relative values obtained with the 
first four extracts were respectively 2°6, 2°1, 2°33 and 2°5. It seems to 
follow, therefore, that whatever the amount of tryptic zymogen 
or ferment withdrawn from the gland substance by the 
dilute alcohol at each extraction, a corresponding amount 
of rennetic zymogen or ferment is simultaneously withdrawn. 
A result such as this strongly suggests that the rennetic and tryptic 
ferments are one and the same body, but a great deal of evidence has 
been adduced in former papers' to prove that this cannot be the case, 
and, indeed, the data included in this table prove the same thing. 
Thus the rennetic ferment is, as a rule, a considerably more stable body 
than the tryptic ferment, and hence the rennetic power of kept extracts 
does not deteriorate so rapidly as the tryptic power. As regards the 


1 This Journal, xxvu. pp. 174, 269. 
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first extract, we see that after 3 or 5 months the rennetic power had 
diminished only to about two-thirds its maximum, whilst the tryptic 
power had diminished to a quarter. Consequently the ratio of R to T 
had become nearly trebled. In the second extract, the ratio had not 
increased so much on keeping, whilst in the third extract it had hardly 
altered at all. In the fourth extract, however, it increased again, 
whilst in the fifth or final extract it was always three or more times 
as great as in the other extracts. This latter result was almost 
certainly brought about by the destructive influence which the gland 
substance itself exerts on the ferments with which it is in contact. It 
acts more especially on the tryptic ferment, and so the extract in 


question never attained its true tryptic power as did the other extracts, 


which were, as we saw, filtered off from the gland substance after only 
brief contact with it. Thus in one of the above-mentioned papers’ are 
given series of determinations of the trypticand rennetic powers of extracts 
kept throughout in contact with their gland substance, and though in the 
glycerin extract, when at its maximum ferment activity, the relation — 
of R to T averaged 2°2, or the same as for these alcohol extracts, in the | 
normal saline and alcoholic extracts the ratios, under similar conditions, 
were respectively 13°5 and 3°6. 

It has been shown in the above-mentioned papers that trypsin is 
not a single chemical substance, but that series of “trypsins” exist, of 
various degrees of stability. If an active extract be kept at 38°C. 
with *4°/, Na,CO,, about 70°/, of the ferment may undergo destruction 
in an hour, If, however, such extracts be kept, and undergo deteriora- 


tion, then the most unstable trypsin molecules are first destroyed, and 


of those still remaining not more than 30°/, or even 10°/, per hour 
may be destroyed on exposure to sodium carbonate. It seemed of 
especial interest, therefore, to determine whether the trypsin extracted 
from the gland substance during the first few hours or days differed in 
respect of stability from that removed more slowly, after several days’ 
extraction. From the destruction rates of the various extracts given 
in the table (p. 450), we see that in the case of the first extract, when 
this was at about its maximum activity, on an average 549°/, of the 
ferment was destroyed per hour. The second and third extracts 


seemed to be more unstable than the first, their average destruction 


rates being respectively 69°1 and 68°1°/,. This difference is much too 
great to be attributable to experimental error, and it might be thought 


1 This Journal, xxvu. p. 280. 
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that it indicated a real difference between the easily extractible and 
the less easily extractible ferment. Probably, however, this is not the | 
case, for we shall see that in the other series of observations made 
there was no constant difference of stability in the ferment of the 
various extracts. In fact, the averages of all the different series show 
that whether the ferment is yielded up by the gland substance after a 
few hours, or after several days, its stability as regards Na,CO, is in all 
cases practically the same. 

~The relation between stability of ferment and amount of deteriora- 
tion is well shown by comparing the values obtained in these various 
extracts. Thus, taking a mean of the numbers obtained after 86 and 
147 days, we obtain the following results: 


Per cent value Per cent. 
Extract on um destruction rate 
0—1 hour 24:3 12°7 
1—20 hours 28°9 
20 hours—5 days 
5—18 days 64°8 42°5 


Here we see that whilst the first extract had dwindled down to 24°3°/, 
of its original maximal activity, and in consequence had a destruction 
rate of only 127 °/,, the fourth extract had deteriorated only to 64°8°/, of 
its maximal activity, and so had a destruction rate of 42°5°/,. The other 
two extracts showed more or less intermediate degrees of deterioration, 
and of destructibility of their ferment. The greater amount of deteriora- 
tion observed in the earlier than in the later extracts may perhaps be 
attributed to the presence of small quantities of deleterious substances 
derived from the gland substance. The major part of such substances 
would be removed by the first extracting liquid added, and less and less 
would be left for subsequent extractions. 

The values obtained in similar series of observations upon some of 
the same minced pig’s pancreas, but with 75°/, glycerin as extracting 
liquid, are given in the accompanying table. Here we see that the 
first extract attained its maximum value after 21 days, its tryptic 
power then being slightly greater than that observed in any of the 
alcoholic extracts. The second extract attained its maximum after 
about 40 days, the third extract after 66 days, and the fourth extract 
after 112 days. The fifth extract had not quite reached its maximum 
even after 177 days, when the observations were discontinued. The 
reason of this greater and greater delay in the liberation of ferment in. 
the successive extracts is probably as follows. The gland substance 
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used may be taken to contain about 75°/, of water, and so the glycerin 
of the first extract would undergo a somewhat considerable dilution by 
this water. In succeeding extracts, however, the dilution from this 
cause would become smaller and smaller. Now it has been shown in 


one of the above-mentioned papers’ that if water be added to a glycerin 


extract of zymogen, the rate of liberation of the enzyme is increased 
in proportion to the dilution. 

The actual maxima which the glycerin extracts would ultimately 
attain were determined a few days after they were made by taking 
samples of them and converting all the zymogen present into enzyme. 
As is shown in a previous paper’, this conversion can readily be effected 


‘by diluting the extracts with an equal volume of water, and adding 1°/, 


of an active tryptic extract, or of succus entericus or intestinal extract 
containing enterokinase. In three or four days the whole of the 
zymogen is converted into enzyme. The values given in the last column 
but one of the table are the means of the two sets of values obtained 
by the addition of 1°/, of active tryptic extract, and of 1°/, of succus 
entericus. It will be seen that they are in close agreement with the 


- maxima spontaneously developed in the various extracts after many 


days. The values given in the last column of the table are the means 
of these artificial maxima, and of all the estimations made upon the 
extracts after they had spontaneously reached their maxima. From 
these mean values, we see that the first four extracts attained tryptic 
values of from 27°9 to 33°5, whilst the fifth extract attained one of 23°3. 
Only after 38 days’ extraction was practically all the zymogen removed 
from the gland substance, for the final extract, even after dilution and 
addition of 1°/, of intestinal extract, developed a tryptic power of 


only 63. As compared with the alcoholic extracts, therefore, the 


glycerin extracts developed considerably more ferment activity, 1.e. the 
glycerin destroyed much less of the ferment originally present in the 
gland substance than did the dilute alcohol. That even glycerin 
destroys small amounts of ferment, if acting in the presence of gland 
substance, is shown by the values obtained with the final extract, 


which was, of. course, left permanently i in contact with the gland tissue. 


Thus we see that in its case, a maximum was reached after 112 days, 
and then the tryptic power slowly deteriorated. If no gland substance 


be present, however, there is practically no deterioration of tryptic 
power even after months. 


This Journal, xxvil. p. 317. This Journal, xxvut. p. 375. 
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As regards the rennetic values, and their relationship to the tryptic 
values, practically the same results were obtained with the glycerin 
extra ctsas with the alcoholic ones. The first four extracts had mean 
R+T values of 2°8, 2°4, 2°7 and 3:1 respectively, or on an average, one 
of 2°75, whilst the corresponding alcoholic extracts had an average 
one of 2°4. The destruction rates of the ferment contained in the 
extracts were practically the same for the first four extracts, the mean 
values being respectively 57°0, 54°5, 58°4 and 528°/,. The 13 to 38 
days’ extract had apparently a somewhat smaller destruction rate, but 
it is possible that the extract had undergone some deterioration of 
tryptic power, owing to its comparatively long contact with the gland 
substance. 

_ In the series of observations made upon minced sheep’s pancreas, 
the initial extraction was continued for two hours, instead of one hour, 
but otherwise the periods of extraction were very nearly the same as 
those observed with the pig’s pancreas. As before, for each gram of 
gland substance 2c.c. of extracting liquid were added. Instead of 
centrifugalising, it was found more convenient to strain off the gland 
substance from its extracting liquid by means of muslin, and then to 
filter the liquid portion quite clear with ordinary filter paper. The 
solid matter left on the filter was scraped off and added to the gland 
substance undergoing its next extraction, but it was in all cases very 
small in amount. 

The results obtained with dilute alcoholic extracts are given in the 
accompanying table. Here we see that the first three extracts attained 
maximum tryptic values of respectively 2°1, 12 and 1°7 ; 1.e. they were 
only a tenth to a twentieth as powerful as the corresponding alcohol 
extracts of pig’s pancreas. The 5 to 13 days’ extract, however, developed — 
a tryptic power of 13:0, or apparently contained two or three times 
as much ferment as all the other extracts put together. This very 
curious result was probably due in large part to the fact that in the 
first three extractions practically no free ferment’ was present, which 
could, by its digestive action, help to set free the zymogen from the 
tissue. Between the 5th and 13th days, however,a good deal of ferment 
was liberated. Still this explanation is not a very satisfactory one, as it 
may be remembered that in the case of the pig’s pancreas the liberation 
of ferment did not seem to increase the rapidity of extraction of the 
zymogen from the gland substance. Again, it may be thought that the 
first three extractions did actually remove considerable quantities of 
zymogen, but that this zymogen, for some unknown reason, did not 
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subsequently become converted into enzyme. This does not seem 
to have been the case, for the addition of 1°/, of active tryptic extract 
to the extracts did not effect any more liberation of ferment. 


Alcohol extract of 1 8 7 17 28 72 92 122 & average 
sheep’s pancreas : day days da. days days days days. days 

2—28 hours T 0 12 

R — — 88 86 

BR 

%, destroyed — — 693 — 70°9 

18 days onwards T 4 

Unrenewed extract - T 0 4 48 196 149 — 84 61 19° 

R — £790 | 

RT — 97 — ND 

%, destroyed — — 99°32 — 897°6 18'4 73°23 


The rennetic values of the extracts, and the ratios of R to T, are 
given in the table as before. We see that these ratios are highly 
irregular, and are also extremely large. The irregularities are partly 
due to the somewhat considerable errors which attach to the estimation 
of very small quantities of ferment, but chiefly to the fact that the 
times of attainment of the maximal tryptic and rennetic values did 
not as a rule correspond. In the 5 to 13 days’ extract, however, the 
average ratio of R to T, when about the maximal tryptic value was 
attained, was 5°2, and this probably represents very nearly the true 
ratio of one ferment to the other. Thus, as we shall see shortly, the 
glycerin extracts gave a similar ratio. The much larger ratios attained 


by the other alcoholic extracts are probably to be attributed to the 


greater destruction of the trypsin by the dilute alcohol. As we shall 
see later, the glycerin extracts of some of the same gland tissue 
contained altogether about three times more tryptic ferment than these 
alcoholic extracts. Apparently extracts containing small amounts of 
ferment suffer relatively much more destruction of their tryptic ferment 
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than extracts containing large amounts; so in these alcoholic extracts, 
where the tryptic value attained was much less than in any of the other 
extracts, the ratio of R to T was much greater. 

As regards the destruction rate, no determinations were “ialliae 
except in the case of the 5 to 13 days’ extract. In its case, the average 
rate was 70°9 °/, per hour, or rather greater than in most of the alcoholic 
extracts of pig’s pancreas, 

In addition to these repeated extractions, some of the gland sub- 
stance was mixed with two parts of dilute alcohol, and kept permanently 
in contact with it. The values attained by this extract are given 
at the bottom of the above table. We see that a maximum tryptic 
value of 19°6 was reached after 17 days, but that then the ferment | 
activity deteriorated more rapidly than in any of the filtered extracts. 


This was due to the destructive influence of the gland substance on the 


trypsin, and for the same reason we see that the ratio of R to T, when 
maximum ferment activity had developed, was 13°7 ; 7.e. was more than 
double what is regarded as the true ratio. The destruction rate of the 
ferment in this extract was about the same as in the 5 to 13 days’ 

filtered extract. | 

The results of the corresponding series of observations upon glycerin 
extracts of some of the same sheep’s pancreas are given in the 
accompanying table. They are not very satisfactory, as only one out 
of all the extracts spontaneously developed almost its full tryptic 
power. Doubtless the other extracts would have developed their full 
power in course of time, but judging from the extraordinarily slow 
rate of conversion observed in the first five months, the total time 
required would probably have been a year or two. This slow conversion 
is perhaps dependent on the fact that the gland substance was obtained 
within a few minutes after death of the sheep, whilst the pig’s pancreatic 
tissue was not extracted till about four hours after death. The more 
rapid conversion of zymogen into enzyme observed in the first extract 
must have been chiefly due to the greater dilution of the glycerin used, 
by the water contained in the gland tissue. 

The actual amounts of ferment present as zymogen in the various 
extracts were determined by diluting with an equal volume of water, 
and adding 1°/, of intestinal extract, or of active tryptic extract. 
The means of two such sets of determinations are given in the last 
column of the table, and we gather from these figures that, as in the 
case of the alcoholic extracts, the 5 to 18 days’ extract contained the 
most ferment of all. Still it did not greatly surpass the 23 hours’ to 
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Values de- 
veloped on 

’s pancreas 8 days 17 days G0days 92 days 115 days 134 days lé4days extract 
0—2 hours T 0 2°0 4°6 78 9°6 
R 106 214 — — 481 659°0 
R+T — 53 47 57 61 

2—23 hours T 0 2 11 1°6 8-0 

destroyed — — — — 493 
23 hours—5 days T — 5 1:0 10 

5—138 days T — 8 12 1°5 — 20 15:2 

destroyed — — — — 486 

13—40 days — 8 15 16 17 9°3 

40 days onwards T 0 7 8s — 1} 80 


| 

ew 

w 

> 
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R 170 247 995 243 229 
R+T 49 69 68 
destroyed — 816 70 


5 days’ extract, whilst the other three extracts contained about half to 
two-thirds as much ferment as it did. The ratios of R to T obtained 
with the first five extracts are respectively 6°1, 49, 49, 5°2 and 7:0, 
or, on an average, 5°6. The greater value obtained with the final 
extract is probably due to some of the trypsin having been destroyed 
by continued contact with the gland substance. The somewhat large 
value obtained with the 13 to 40 days’ extract is probably of similar 
origin, and so, omitting this, we find that the average ratio of R to T 
in the first four extracts is 53, or almost exactly double the ratio 
observed in alcoholic and glycerin extracts of pig’s pancreas. 

The destruction rates of the ferment contained in the various 
extracts seem abnormally low, they averaging only 50°5°/,. In the case 
of the glycerin extract allowed to remain permanently in contact with 
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the gland substance, however, we see that the destruction rate was 
about 74°/,. This considerable difference of result may be attributed 
in part to the presence of small quantities of deleterious substances 
extracted from the gland tissue by the glycerin, which, in the presence 
of -4°/, Na,CO, at 38°, destroy some of the trypsin. Thus in the first 
of the series of extracts, or the one which would naturally contain more 
deleterious substances than the others, the destruction rate was 58°3°/)» 
or nearly normal. However a more important factor than this lies in 
what is practically an unavoidable experimental error. In determining 
the tryptic value and destruction rate of the pig’s pancreas extracts, 
such a quantity (generally ‘3 to ‘4c.c.) of extract was taken as would 
give a digestion time of about 30 minutes, whilst about ‘8 to lec. of 
extract was kept for an hour at 38° with Na,CO,, so that it likewise 
gave a digestion time of about 30 minutes. It was not thought 
advisable under any circumstances to use more than 1 c.c, of an extract, 


as the glycerin present exerts a retarding influence on digestion. 
- Consequently when the much feebler glycerin extracts of sheep's 


pancreas were worked with, the digestion times were generally about | 
70 or 80 minutes, instead of 30 minutes. Now the more prolonged the 
digestion, the less becomes the difference between the tryptic power 
of a fresh extract, and that of an extract which has previously been 
treated with Na,CO,. The more unstable molecules of the fresh 
extract are soon destroyed, and therefore count for nothing in the later 
stages of digestion. When the digestion time is short, however, many 
of the unstable molecules remain undestroyed throughout the digestion 
period, and so the rate of digestion, as compared with that of an extract 
previously exposed to Na,CO,, is relatively quicker. 

On taking means of all the destruction rates obtained with the 
corresponding alcohol extracts of pig’s pancreas, and glycerin extracts 
of pig’s and of sheep’s pancreas, we find that the average rates are 
respectively 56°7, 57°6, 57-4 and 55°4°/,, for the first four extracts, or 
are practically identical. There can be little doubt, therefore, that as 
regards stability all the ferment is alike, whether extracted early or 
late from the gland substance. 

To return to the “unrenewed” glycerin extract of sheep's pancreas, 
we see that even in its case the liberation of ferment was exceedingly 
slow, but the value ultimately attained was about twice that of the 
corresponding alcohol extract. The ratio of R to T was somewhat high, 


80 presumably more of the trypsin had — destruction than of 
the rennin. 
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The drastatic values attained by the extracts. 


The diastatic values of all the extracts were determined, as well 
as the tryptic and rennetic values. The method of estimation of the 
- diastatic ferment (dependent on the time of digestion of starch to the 
_ achromic point, as tested with iodine) is described in detail in a former 
‘paper’. 

The values obtained with the alcoholic extracts of pig’s pancreas 
are given in the accompanying table. As a rule, only one or two 
determinations were made upon each extract, as filtered extracts never 
increase in diastatic activity on standing. The diastatic zymogen is 
apparently quite insoluble’, and so the value determined immediately 


Alcohol extract Maximum 

of pig’s pancreas Sdays 6days l0days 2ldays 30days 88days values 
0—1 hour 160 — 13 _ — — — 160 
1—20 hours — 110 — 110 
20 hours—5 days 59°7 55°6 59°7 
5—18 days 20° 221 — — 22°1 
13 days onwards — 80 78 69 87 80 


on filtration of an extract is always its maximum value. From the 
maximum values of éach extract, given in the last column of the table, 
we see that the diastatic activity of successive extracts rapidly dwindled 
down, the activity of the third extract being only a third that of the 
first, and that of the fourth extract only a seventh of it. Compared 
with the tryptic and rennetic ferments, therefore, the diastatic ferment 
is extracted much more rapidly at first, and much less rapidly afterwards 
(owing, in this latter case, to there being but little ferment still left to 
extract). 

The values obtained with the successive glycerin extracts of pig’s 
pancreas show a less rapid diminution than in the case of the alcoholic 
extracts, but still the diminution is there, or the rate of extraction is 
quite different from that of the tryptic and rennetic ferments. From 


Glycerin extract of + 6 10 15 21 30 40 49 62 96 136 Maximum 
pig’s pancreas days days days days days days days days days days values 
20 hours—5 days — 652 — —- — — — 653 
5—13 days 209 442 466 — 
138—38 days — — 182 268 820 403 — — — — 403 
88daysonwards — — — — — 87 181 159 18°77 197 251 
1 This Journal, xxvu. p. 174. 2. See ibid. p. 137 
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the table of values it will be seen that several of the extracts were tested 
from time to time when still in contact with their gland substance. 
In such a case the diastatic power undergoes a gradual increase, owing 
to the liberation of ferment from the inscluble diastatic zymogen. The 
5 to 18 days’ extract, for instance, finally attained more than twice the 
diastatic power it had reached after 6 days, or after one day’s extraction, 
whilst the 13 to 38 days’ extract likewise more than doubled its diastatic 
power between the end of the 15thand the 40th day. The final extract, 
which was left permanently in contact with the gland substance, had 
not attained its full diastatic power even after 136 days, when the 
observations were discontinued. Thus this full diastatic power was . 
determined by diluting some of the glycerin + gland substance with an 
equal volume of water and testing the diastatic activity every few days. 
After 3 days’ dilution the diastatic power had increased from 18°7 to 
23°2, and after 7 days’, to 25°1. After this the diastatic power gradually 
diminished, so the value 25:1 was taken as representing what would 
have been the ferment power of the extract, supposing all the ferment 
had been extracted from the gland substance. , | 
The extracts of sheep’s pancreas were even feebler in diastatic power 
than in tryptic power, as compared with the corresponding pig’s pancreas 
extracts. From the maximum values given in the last column of the 
accompanying table, we see that the second extract contained only half 
as much ferment as the first, and the third only half as much as the 
second. The fourth extract, however, made between the 5th and 13th 
days, had a somewhat greater value than the second extract, and was 
nearly three times as active as the third extract. From the determina- 
tions made whilst the extracting liquid was still in contact with the 


Alcohol extract Maximum 
of sheep’s pancreas lday 2days 6days I4days 19days 2days didays Qldays values 
0—2 hours 12.0 — — 139 
23 hours—5 days 1°4 2°54 2°54 
18 days onwards "33 "92 “15 “61 92 


Unrenewed extract 11°83 186 216 27°77 261 222 186 160 27°7 


gland substance, we see that the third extract increased in diastatic 
power from 1°4 to 2°54 between the 2nd and 6th days. The fourth 
extract, however, increased from ‘9 up to 6°8 between the 6th and 14th 
days. This great increase is therefore something exceptional, and it was 
probably brought about in the same way as the very marked liberation 
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of trypsin and rennin we have already observed in the same extract. 
That is to say,a good deal of free trypsin was liberated from its zymogen 
during the time of extraction, and this, by digesting some of the gland 
substance, helped to set free a large amount of all three ferments from 
the gland tissue. 

In the bottom line of the table are given the values obtained with the 
alcohol extract which was kept throughout in contact with the gland 
substance. The maximum diastatic value was attained after 14 days, 
the extract then being more than twice as active as the 0 to 2 hour: 
extract. 

The successive glycerin extracts of sheep’ s pancreas, of which the 
values are given in the accompanying table, show a perfectly regular 


Maximum 
of "spancreas lday 2days Gdays id4ddays l19days 4idays 64days Q9ldays llidays values 


5—13 days —- — 89 — 89 
40daysonwards —- —- — 10... 26 
Unrenewedext. 183 19°4 21 281 248 — 264 255 26-4 


though not very marked fall of diastatic power. It will be noticed that 
the final glycerin extract attained a maximum of 1°80 after 91 days, and 
then began to deteriorate. However, on diluting some of the glycerin + 
gland substance with an equal volume of water, it attained a maximum 
diastatic power of 2°31 after 28 days. The gland substance must still 
have contained some unconverted zymogen therefore, but in the 
concentrated glycerin the ferment was being liberated so slowly that 
after 91 days the liberation was unable to keep pace with the destruction 
of ferment which was continually going on. 

From the last line of the table, we see that the glycerin extract 
which was kept throughout in contact with the gland substance at- 
tained its maximum diastatic power after 64 days, and then ia 
deteriorated. 


The amounts of ferment removed at each extraction. 
It will be remembered that for each 2 c.c. of extracting liquid, 
1 gram of pancreatic gland tissue was taken. This gland tissue may 
be considered to contain roughly 75 °/, of water, and as the water 
present in the interstices of the tissue must hold at least as much 
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ferment or zymogen dissolved in it as the extracting liquid with 
which the tissue is in contact, it follows that in each fresh extraction 
quite a considerable amount of ferment is carried over, in the inter- 
stices of the gland tissue, from the previous extraction. In order to 
determine the absolute amounts of ferment removed from the gland 
tissue at each extraction, it is therefore necessary to calculate the 
amount of ferment so carried over, and allow for it. The actual | 
weight of gland substance transferred diminishes very considerably at 
. each fresh extraction, owing to some of its constituents passing into 
solution. As the result of a few observations on the weight of gland 
substance so transferred, the following values were calculated : 


| 0 hour lhour 20hours $Sdays i8days 38 days 
Alcoholic extracts § 75 gm. 74°5 63 30 15 = 


Glycerin extracts 75 gm. 75 69 53 49 46 


Thus in the case of the pig’s pancreatic tissue, 75 grams were used, 
and from the first extraction it was assumed that # of 745, or 56 c.c. of 
liquid were transferred to the second extract, at the end of the 1st hour. 
Between the Ist and 20th hour, about 13 grams of the gland substance 
passed into solution, so only $ of 63, or 47 c.c. of liquid were transferred, 
at the end of 20 hours, into the third extract. Finally after 13 days’ 
extraction, the weight of gland substance left undissolved was only 
about a fifth of its original amount, so only 11 c.c. of liquid containing 
ferment were transferred. The glycerin extracts dissolved very much 
less of the gland tissue than the alcoholic extracts, so that even after 
38 days the total weight of gland ae transferred amounted to 
46 out of the original 75 grams. © 

Working with these somewhat rough data, the absolute amounts of 
ferment removed at each extraction from the gland tissue were cal- 
culated in the following manner. In the case of the first alcoholic 
extract of pig’s pancreas, for instance, 150 c.c. of dilute alcohol were 
added, and the gland substance itself contained 56 c.c. of liquid. 
Therefore all the ferment contained in 206 cc. of liquid was extracted — 
from the gland substance. The tryptic value of this extract was 25°9, 
so one may say that 206 x 25'°9= 5335 units of trypsin (or rather its 
zymogen) were removed in the first extraction. In the second extraction 
the volume of liquid was likewise 206 c.c., and as it had a tryptic value 
of 29:1, it contained altogether 206 x 29°1 = 5995 units of ferment. Of 
this 206 c.c. of liquid, however, 56 c.c., of a tryptic value of 25°9, were 
derived from the first extract; 1.¢. 1450 units were derived in this way, 
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so the total amount of ferment freshly extracted in the second extraction 
-was only 5995—1450=4545 units. The total amounts of ferment 
freshly removed in the third, fourth, and fifth extractions were similarly 
calculated, and in all the extractions put together it was found that 
15,026 units of tryptic ferment were removed from the gland substance. 
Of this total, 35°5 °/, was removed in the first extraction, and 30°2 °/, 


in the second. The percentage amounts of diastatic ferment removed - 


at each extraction were similarly calculated, and the whole of the results 
obtained in this way with the alcoholic extracts of pig’s pancreas are 
given in the left half of the accompanying table. 


Alcohol extracts Glycerin extracts 
Period of extraction 
(pig’s pancreas) § Trypsin Diastase D+T Trypsin - Diastase D+T 
0—1 hour 85°5 58°09), 1°68 28°6 84°69, 1-21 
1—20 hours . 80°2 24°1 “80 16:0 16°7 1°04 
20 hours—5 days 14-0 11°6 83 ‘215 19:1 89 . 
5—13 days 17°7 45 25 19°1 12°2 64 
days 26 18 *69 13°3 11°1 “83 
38 days onwards — 15 6°3 4°20 


We see that the first extract removed 58°0 °/, of the total amount of 
diastase present, as against 35°5°/, of the trypsin. The relation of 
percentage of diastase to percentage of trypsin is thus 163. The 


second extraction, however, removed less diastase than trypsin, the | 


_ ratio between the two being ‘80. The third extraction removed about 
half as much of each ferment as the second, so a similar ratio was 
observed, but the fourth extraction removed only a quarter as much 
diastase as trypsin, so a ratio of ‘25 was obtained. Obviously, therefore, 
at first the diastatic ferment is taken up from the gland substance 
by the extracting liquid very much more rapidly than is the. tryptic 
zymogen, whilst subsequently it is taken up very much less rapidly. 
This subsequent diminution in the rapidity of absorption of the diastase 
is due merely to the fact that so very much less of it is still left to be ab- 
sorbed. Thus on calculating the relation between the amount of ferment 
absorbed in the various extractions, and the total amount still absorbable, 
it is found that in the second extraction, 46°8 ‘/, of the total amount 


of trypsin still. present was removed, but 57°4°/, of the total amount of . 


diastase. Again, in the third extraction, 40°8 °/, of the total amount 


of trypsin still present was removed, but 64°8 °/, of the total amount of. 


diastase. However, in the fourth extraction, relatively more trypsin 
than diastase was removed from the gland substance. In fact, all the 
series of values obtained seemed to indicate that whilst 90 °/, or so 
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of the diastase was extracted more readily than the trypsin, yet 
the last small remnant of it was removed more slowly than the last 
portion of the trypsin. In the present series of observations, for 
instance, the ratio of D to T for the final extract was much higher 


_ than for the previous extract, whilst in the other series of observations — 


made, the ratio for the final extract was much higher still. Possibly, 
however, this apparently contradictory behaviour of the diastatic ferment 
is nothing of the sort. The final portions of tryptic ferment or zymogen 
may be retained so forcibly that they are never given up at all, or they 
may be destroyed by the gland substance as fast as they are given up, 
and so the diastatic ferment may be in every case a more readily 


_ extractible body than the tryptic zymogen. 


The values calculated for the glycerin extracts of pig’s pancreas are 
given in the right half of the above table. Here we see that the 


- amounts both of tryptic zymogen and of diastase removed at each 


extraction were much more even than in the case of the alcoholic 
extracts, but nevertheless the ratio of D to T underwent a regular 
diminution with each successive extract. In the first extract it was 
1:21, and in the fourth extract it had fallen to 64. In the fifth extract, 
however, it increased again slightly, and in the final extract it had 
risen to 42, or apparently four times as much diastase as trypsin was 
removed from the gland substance. 

In the case of the sheep's pancreas extracts, roughly the same 
relative amounts of gland substance were found to be carried over 
at each fresh extraction as in the corresponding pig’s pancreas extracts, 
so the same figures were used in the calculations. The calculated 


amounts of ferment extracted are given in the accompanying table, 


and we see that in the alcoholic extracts these amounts are remarkably 
irregular. In the fourth extract, between the 5th and 13th days, nearly 
three times as much tryptic ferment (or zymogen) was removed as in | 


Alcohol extracts Glycerin extracts 

Period of extraction 

(sheep’s pancreas) Trypsin Diastase D+T Trypsin Diastase D+T 
0—2 hours 143 55°5 3°88 22°0 41°5 1°89 
2—23 hours 43 12°7 2°95 12°3 17°2 1°40 
23 hours—5 days 9°0 5:3 59 39 ‘67 
5—18 days 72°4 24°9 34 26°2 11°4 “44 
13—40 days 0 16 13°1 65 50 
40 days onwards 2°5 75 8°00 


all the other extracts put together. In the final extract, apparently no 
more ferment was removed, and the tryptic power developed by this 
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extract was less than that corresponding to the amount of ferment 
transferred, in the interstices of the gland tissue, from the previous 
extract. A fair amount of trypsin must therefore have undergone 
destruction. As regards the diastatic ferment, we see that the first 
2 hours’ extraction removed nearly four times as much of this body as 
of the tryptic zymogen, whilst the second extraction removed nearly 
three times as much. In the next two extractions, however, the trypsin 
removed from the gland substance was two or three times as much as 
the diastase. This series of observations thus affords a more striking 
indication as to the differences of extractibility of diastase and of tryptic 
zymogen than any of the other series. 

As regards the glycerin extracts of sheep’s pancreas, we see that 
the first, third, and fourth extracts each removed about 24 °/, of tryptic 
ferment from the gland substance, whilst the second and fifth extracts 
- each removed about 13°/,. The amount of diastase removed dwindled 
down fairly rapidly in successive extractions, however, and the relation 
of D to T likewise showed a somewhat rapid diminution. Thus it fell 
from 1°89 in the first extraction to ‘67 in the third, and °44 in the 
fourth: It then rose again slightly in the fifth extraction, whilst 
the final extraction apparently removed three times as much diastase 

as trypsin, or gave .a similar result to the corresponding extraction 
of pig’s pancreas, 

We have seen that. the various extracts of pig’s pancreas were very 
much more active than the corresponding extracts of sheep’s pancreas, 
and in the accompanying table are given the total number of units of 
ferment extracted from each gram of gland substance. The alcoholic 


Units of diastatic 


Extracts ferment extracted 
Alcohol extracts of pig 200 748 
Glycerin ” ” 822 684 
Alcohol extracts of sheep 40°6 59°6 
extract ,, (unrenewed) 54°0 
Glycerin extracts ,, 1202 61°7 
extract (unrenewed) 101°0 72°7 


extracts apparently extracted only about two-thirds as much trypsin 
from the pig’s pancreas as did the glycerin extracts, though they ex- 
tracted slightly more diastase. That is to say, the dilute alcohol, as 
compared with glycerin, exerted a distinctly destructive action on the 
tryptic ferment, but none at all on the diastatic. In the case of 
the sheep’s pancreatic tissue, the dilute alcohol was only able to 
extract a fifth as much trypsin, and a twelfth as much diastase, as 
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it did from: the pig’s pancreas. The glycerin, however, extracted about 
three times as much trypsin as did the alcohol; «.¢. the alcohol proved 
itself very much more destructive of the trypsin in the sheep's pancreas 
than of that in the pig’s pancreas. The amounts of diastase removed 
by the glycerin and the alcohol were practically the same, so probably 
but little of it was destroyed in either case. We may assume, there- 
fore, that pig’s pancreatic tissue contains about twelve times as much 
diastatic ferment as an equal weight of sheep’s pancreas, and probably 
about two and a half times as much trypsin. 

The above table also includes the data calculated from the tryptic 
and diastatic values attained by the unrenewed alcoholic and glycerin 
extracts of sheep's pancreas. We see that in their case apparently 
more units of ferment were extracted than when the extracting liquids 
were frequently renewed. Thus the renewed alcoholic extracts contained 
24'8 °/, less trypsin, and 21°9°/, less diastase, and the renewed glycerin 


extracts 15°2°/, less diastase than the corresponding unrenewed extracts. 


However the renewed glycerin extracts contained 19°0°/, more trypsin 
than the unrenewed, or, taking an average of the two ferments, about 
the same amounts were removed by the two methods. In the case of 
the alcoholic extracts, however, it is probable that the frequent renewals 
of extracting liquid caused a direct destruction of ferment. 


Zymogens and pro-zymogens. 

It may not be out of place to discuss briefly the interpretation 
which can be applied to the experimental results above recorded. The 
fact that, when any given extract of pig’s or of sheep’s pancreas has 
attained its maximum activity, the tryptic and rennetic ferments are 
found to exist in a practically constant relationship to each other, 
seems to indicate that they, or rather their zymogens, are both split 
off, at the same time, from one and the same precursor. That is to 
say, a single insoluble pancreatic pro-zymogen yields up, at the same 
time, definite proportions of soluble tryptic zymogen and of rennetic 
zymogen; but once these zymogens pass into solution, they are ap- 
parently to some extent independent of each other. As a rule, both 
undergo conversion into their respective enzymes at about the same 
time, but it sometimes happens that the rennetic enzyme is set free 
more rapidly than the tryptic enzyme, as, for instance, in some of the 
extracts referred to in the present paper, especially the second and 
third alcoholic extracts of pig’s pancreas. Occasionally, also, the tryptic 
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enzyme is set free more rapidly than the rennetic’. The insoluble 
pro-zymogen must be a fairly stable body, as we have seen that dilute 
alcoholic extracts take more than 13 days to decompose it all, and 
glycerin extracts more than 38 days. It has already been noted that 
sheep's pancreas extracts contain approximately double as much rennet 
ferment—in relation to the tryptic ferment—as pig’s pancreas extracts, 
so we may perhaps conclude that the pro-zymogen present in sheep's 
pancreas splits off two parts of rennet zymogen, and one part of tryptic 
zymogen, whilst the pro-zymogen of pig’s pancreas splits off one part 
of each zymogen. As already mentioned, there is no indication of the 
existence of a soluble diastatic zymogen in pancreatic tissue, though 
apparently such a body does exist in the saliva*. The insoluble 
zymogen from which the diastatic ferment arises is therefore com- 
parable to the tryptic+rennetic pro-zymogen, only it cannot give 
rise to an intermediate soluble diastatic zymogen. The connexion 
_ between the various ferments of the pancreas, and their precursors, 
may be indicated thus : 


Insoluble tryptic + oer tryptic zymogen—soluble tryptic enzyme. 
rennetic pro-zymogen | soluble rennetic zymogen—soluble rennetic enzyme. 
Insoluble diastatic } 


zymogen or pro-zymogen 


We have seen in the earlier part of the paper that trypsin is not 
a single chemical substance, but that series of trypsins of various 
degrees of stability exist. In a former paper* it was shown that 
series of rennins of various degrees of stability are likewise present 
in pancreatic extracts, but that, as far as could be ascertained, the 
molecules of diastatic enzyme are all equally stable. It would there- 
fore be a point of great interest—though one of great difficulty—to 
determine whether the soluble tryptic and rennetic zymogens likewise 
vary in stability. If not, then it is possible that each molecule of 
soluble zymogen, when it is converted into enzyme, gives rise to several 
molecules, of varying degrees of complexity and stability. If, on the 
other hand, various zymogens do exist (as seems somewhat probable 
from the few experiments recorded elsewhere‘, which apparently in- 


—soluble diastatic enzyme. 


1 Of. this Journal, xxv. pp. 277, 299. 

2 Cf. Latimer and Warren, Centralb. f. Physiol. vut. p, 211, 1894; and R. Green, 
Phil. Trans. 1897, B. p. 167. 

3 This Journal, xxvir. p. 195. 1901. 

4 Ibid. p. 875. 
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dicate that less than twice as much zymogen was destroyed by sodium 
carbonate treatment in 8 hours as in 2 hours), then it is probable that 
each highly complex molecule of insoluble pro-zymogen gives rise to 


a number of dissimilar molecules of soluble tryptic and rennetic 


zymogens, which in their turn give rise to the variously stable mole- 
cules of the corresponding enzymes, In any case, it seems as if the 
insoluble tryptic + rennetic pro-zymogen is an extraordinarily complex 
body. Probably also, in accordance with Langley’s hypothesis, already 


quoted, some pro-zymogens are more complex and stable than others, 


and so need longer contact with the extracting liquid before they 
undergo sufficient resolution and degradation to _ up their soluble 
zymogen constituents. 

It seems prohable that the apparently constant relationship existing 
between the tryptic and rennetic ferments of the pancreas may hold 
also between the proteolytic and rennetic ferments of other tissues. 
Thus Griitzner’ came to the conclusion that the quantity of rennet 
ferment in the gastric mucous membrane ran completely parallel to 
the quantity of pepsin, though he did not bring forward very many 
experimental data to support his contention. Quite recently Wino- 
gradow’ has made elaborate series of observations upon the amounts 
of pepsin and of rennin present in the gastric mucous membrane of 
the cat, between the Ist and 24th hours after a meal, and has found 
that there is an almost “mathematically exact parallel” between the 
two ferments. Probably, therefore, in the case of the gastric mucous 
membrane likewise definite quantities of soluble pepsinogen and of 
rennet zymogen are split off at the same time from a single insoluble 
pro-zymogen. 

The question arises as to the nature and meaning of the rennet 
enzyme. It has been found by various observers to be present in a 
number of organs and secretions where to all appearances it can be 
of no possible use. It is present in the stomach of the cod-fish, the 
pike, and the fowl; in the pancreas of the eagle and of various 
mammals; in the leaves of plants such as Galiwm verum; in the 
fruit and pas of many other plants; in the secretion of the glands 
of Drosera; and in the secretions of many micro-organisms’. Indeed, 
it seems highly probable that wherever a proteolytic ferment is present, 
a rennet ferment will be found to accompany it. It may not happen 


1 Pfliiger’s Archiv, xvi. p. 119. 1878. | 
2 Ibid. uxxxvu. p. 170. 1901. 
3 See R. Green’s Soluble Ferments, chap. xv. 
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that such rennet ferment is present in sufficient quantity to curdle 
milk, for, as I have shown in a former paper’, the presence of a pro- 
teolytic ferment is antagonistic to the curdling action, in that it tends 
to dissolve the curd as fast as it is formed. Some pancreatic extracts, 
for instance, which contain large quantities of trypsin, may entirely 
fail to give a curd, but the presence of the rennin can easily be demon- 
strated by means of the “ metacasein reaction” of milk. Probably the 
conclusion of Glaessner?, that the pyloric end of the stomach contains 
no rennet zymogen at all, although it contains pepsinogen, is to be 
explained by this antagonistic action of the two ferments., 

If subsequent research proves the correctness of this hypothesis 
as to the invariable accompaniment of proteolytic ferment by rennetic 
ferment, then a further question arises. Is the rennetic ferment a 
genuine ferment, of functional significance, or is it merely a by-product, 
which is formed in the splitting off of the proteolytic ferment from a 
common precursor, and which merely chances to possess the property . 
of inducing coagulation in milk? The fact of the existence of a 
definite rennet zymogen, and, in the case of the pancreas at least, of 
series of rennet ferment molecules of various degrees of stability, exactly 
comparable to the various tryptic ferment molecules, seems to argue 
against this view. Also it is possible that, as has been suggested by 
Sawjalow’, the rennet ferment may be functionally important in virtue 
of the dehydrating or synthetic effect it can exert upon albumoses and 
peptones. This action of the rennet ferment in producing a precipitate 
when added to solutions of peptones, was discovered by Danilewski | 
in 1886, and has recently been studied by Sawjalow, who has named 
the precipitate plastein. Apparently the same plastein is formed, 
whatever the nature of the proteid from which the peptones were 
obtained, and if such a body is produced normally in the alimentary 
canal (of which there is no proof), we may accept Sawjalow’s view 
that it may form an important condition in the maintenance of a 
constant composition of the blood and tissues. 


1 This Journal, xxvit. p. 176, 
Hofmeister’s Beitrdge, 1. p. 24. 
8 Pfliiger’s Archiv, uxxxv. p. 171. 1901. 
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SUMMARY. 


The ferments contained in pancreatic tissue are only slowly removed 
by extracting liquids. To. determine the rate of extraction, minced 
pig’s and sheep’s pancreas was shaken for 1 or 2 hours with a known 
volume of dilute alcohol or glycerin, and then the liquid was separated 
off from the gland tissue by centrifugalisation and filtration. A fresh 
volume of liquid was added to the gland tissue, and after about 20 hours’ 
contact with it, was separated off and replaced as before. The next 
renewal of extracting liquid was made after 5 days, the next after 
13 days, and the next after 38 days. 

At first the filtered extracts contained only the symogens of trypsin 
“and rennin, but gradually, after some days or months, these bodies 
underwent complete conversion into their respective enzymes. It was 
then found that each successive extraction of: pig’s and of sheep's 
. pancreas by glycerin had removed roughly about a fifth of the ferment, 
so that after 38 days nearly all of it had been removed. The dilute 
alcohol acted more irregularly, it removing a considerably greater pro- — 
portion of ferment from pig’s pancreas in the first and second extractions 
than in subsequent ones, whilst from the sheep’s pancreas the first three 
extractions removed only 27°6°/, of the ferment, and the fourth (between 
the 5th and 13th days) removed all the rest. The amounts of rennet 
ferment present in the successive extracts bore a practically constant 
ratio to the amounts of tryptic ferment present (e.g. the ratios between 
the two in the five glycerin extracts of pig’s pancreas were respectively 
2°8, 2°4, 2°7, 3°1 and 3:1), and hence it is surmised that the pancreatic 
tissue contains a single insoluble pro-zymogen, which splits up into 
definite proportions of soluble tryptic zymogen, and soluble rennetic 
zymogen. The pro-zymogen of sheep’s pancreas splits off just twice 
as much rennin (compared with the trypsin) as the pro-zymogen of — 
pig's pancreas, the average relationship between the two ferments being 
as 5°26 : 1 in the one case, and as 2°62 : 1 in the other. 

The diastatic ferment is quite independent of the tryptic and 
rennetic ferments. It is much more readily extracted both by dilute 
alcohol and by glycerin than they are, the first extraction removing 
about twice as much diastase as trypsin and rennin. The second 
extraction as a rule removed rather more diastase than trypsin, but 
the subsequent extractions removed relatively less and less of it. 


This was simply because there was very little diastase still left to 
remove. 
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There is no indication of the existence of a soluble diastatic zymogen 
in the pancreas, and so the insoluble zymogen from which the ferment 
directly arises is comparable with the insoluble tryptic + rennetic pro- 
zymogen. Hence the connexion between the various ferments of the 
pancreas and their precursors may be indicated thus: 


Insoluble tryptic + tryptic symogen—soluble tryptic. enzyme. 
rennetic pro-zymogen | soluble rennetic zymogen—soluble rennetic enzyme. 
Insoluble diastatic } 


zymogen or pro-zymogen —soluble diastatic enzyme. 


It has been shown in former papers that trypsin is not a single 
chemical substance, but that series of trypsins of various degrees of 
stability exist. However, the trypsin removed from the gland substance 
during the first few hours of extraction does not differ at all in stability 
from that removed only slowly after several days. Thus the average 
destruction rates of the ferment (by *4°/, Na,CO, acting for 1 hour 
at 38°) in the first four successive alcoholic and glycerin extracts of the 
gland tissue were respectively 56°7, 57°6, 57°4 and 55°4°/,, or were 
practically identical. 
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THE RELATION OF OXYGEN TO THE SURVIVAL 
METABOLISM OF MUSCLE. By W. M. FLETCHER. 
Fellow of Trinity College, Cambridge. (Thirteen Figures in Text.) 


(From the Physiological Laboratory, Cambridge.) 


CONTENTS. 


I. The relation of oxygen to the death of resting muscle. 


Il. The CO, discharge from active muscle freely supplied with oxygen. 
Ill. The influence of oxygen upon fatigue. 
IV. Summary of conclusions. 


In 1795 von Humboldt showed that a frog’s muscle when excised 
kept its irritability longer in oxygen than in air or hydrogen, and 
especially so at the higher temperatures. This statement was confirmed 
by Liebig’ much later and was re-examined by Hermann during his 
well-known researches into the metabolism of muscle. 

Hermann? found that oxygen when present in the surrounding 
atmosphere, pure or mixed, delayed the natural survival loss of irrita- 
bility in the gastrocnemius muscle after excision, but hastened it, on 
the other hand, in the case of the sartorius. To explain this contrast 
between the behaviour of differently shaped muscles he suggested a 
double action of oxygen tipon excised tissue; the first, a destructive 
action, analytic, attacking the layers of muscle from without inwards, 
the second a preservative process, opposed to, but more feeble than, the 
first, and accordingly only exercised upon the inner layers of the muscle 
which though reached by the oxygen were not, or not at once, the 
object of analytic attack. In the case of the thin sartorius muscle, 
with large surface relatively to its bulk, the superficial destructive 
action of oxygen counterbalanced, he believed, the preservative action 
and so led to a hastening of the death process. The preservative action, 
which was found to be slight and was considered only to occur in the 


1 Arch. f. Anat. Phys. u. Wiss. Med. 1850, p, 898. 
2 Untersuch. &. d. Stoffwechsel der Muskeln, Hirechwald, Berlin, 1867. 
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inner layers of the more bulky muscle, Hermann explained as due 
either to a slight physiological absorption of oxygen, presumably in 
continuation of the natural process of respiration, or to the beneficial 
results of an improved elimination of CO,, possibly through an 
unknown specific action of oxygen. 

At the same time, Hermann found that an active gastrocnemius 
stimulated to contraction at frequent intervals in the presence of 
oxygen, lost, unlike the resting muscle, its irritability as soon as a 
muscle similarly treated in an indifferent atmosphere of hydrogen or 
nitrogen ;—the preservative influence of oxygen, that is to say, was not 
demonstrable in the case of active muscle. 

This account of the relations of oxygen to surviving muscle presents 
many difficulties. The action of oxygen upon superficial layers is said to 
be analytic and destructive, but its action upon the inner layers to be 
conservative. Such a reversal of effect can only be supposed to depend 
in some way upon the amount of dilution suffered by the oxygen in 
arriving at the inner layers, for the cells in all layers of a muscle must 
be considered chemically equivalent. Yet Hermann, like Liebig, 
showed that the effects of oxygen were manifested in the same quality, 
though quantitatively less, through descending degrees of its dilution 
with other gases. Thus atmospheric air was found by both to give the 
same qualitative results as oxygen. The observation again that the 
active gastrocnemius, unlike the resting one, received no maintenance 
of irritability from an oxygen supply is not in agreement with the 
doctrine that the acts of contraction and the acts of descending to rigor 
mortis involve similar substances in similar chemical processes. 

In support of his account of the double action of oxygen on excised 
muscle, Hermann gave very few experimental data. Nothing was said 
of the time from excision at which his observations began, nor of the 
periods over which they extended, nor again of the temperatures at 
_ which they were made. There must be noted also the fact that these 
experiments, like his work in general upon muscle respiration, were 
carried out at a time when bacterial putrefaction was not recognized 
as a phenomenon independent of the chemical functions of muscle. 

With a special view to determining in what mode the action of 
oxygen upon surviving muscle produces, as I have found’, a large 
increase in the normal rate of CO, discharge after excision, 1 have 
repeated many of Hermann’s observations upon the effects of the gas 


1 This Journal, xxvu1. p. 354. 1902. 
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upon the muscular functions. My results have shown no dissimilarity 
such as he described between the action of oxygen upon muscles of one 
shape or another, and no dissimilarity — in its action upon muscles 
in activity or at rest. ae 


I THE RELATION OF OXYGEN TO THE DEATH OF RESTING MUSCLE. 


It has been shown in an earlier paper’ that when rigor, with 
complete loss of irritability, is rapidly produced in an excised muscle by 
such agents as chloroform or lactic acid, or by any temperatures from | 
38° C. to 100° C. and above, or again by fatigue, a special discharge of 
CO, invariably accompanies the change of state produced in the muscle. — 
When natural rigor mortis, or time-stiffening, on the other hand, occurs 
spontaneously in the muscle, its constituent events become, by slower 
procession, demonstrably separated in point of time. Thus in following 
the natural CO, discharge from a resting muscle I showed that the 
special CO, production associated with the processes of rigor—the 
processes, that is, which end in death-stiffening—occurs at a steadily 
maintained rate during the whole period of declining irritability and is 
not related in point of time to the final act of shortening itself’. It 
appeared that the maintained output of CO, marked the progress of a 
continuous chemical change which only at a late stage induced the 
opacity and stiffness of rigor. ; 

More recently I have shown that the long ‘plateau’ of CO, 
production due to natural rigor occurring in atmospheric air, is at a 
minimum when oxygen is cut off from the muscle and is notably 
exaggerated in an atmosphere of pure oxygen*. Now if this increased 
CO, production due to oxygen marks an intensification or hastening 
of the natural survival changes, we should expect a hastening also of 
their climax which is marked by death-shortening. Oxygen, in such 
a case, could then be grouped with irritants, like chloroform, which 
simultaneously hasten the physical and chemical events of rigor. It 
would have in fact the action ascribed to it by Hermann of destruc- 
tively attacking the muscle substance. But I have found, on the 
other hand, that the act of rigor mortis in excised muscle is delayed, 
apparently indefinitely, in an atmosphere of oxygen. 

The muscles used have been the gastrocnemius, the sartorius and 
the conjoined gracilis and semi-membranosus of the frog. The muscle 


1 This Journal, xxi. p. 10. 1898. 8 Joe. cit. pp. 39—42. 
This Journal, xxvut. p. 354. 1902. 
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for experiment was arranged in the tubular glass chamber shown in 
Fig. 1. The bony origin of the muscle was fixed in a loop of silver 
wire whose end passed through the india-rubber closing the lower end 
of the chamber. A light steel rod hooked into the tendon of insertion 
connected the muscle directly with a recording lever above it, through 
an opening in the india-rubber closing the upper end of the chamber. 
This opening was blocked to the passage of gases by a small plug of 
vaseline, which allowed the necessary vertical play of the connecting 
red through it without losing its continuity. Two tubes, lateral and 
inferior, allowed the passage of a given gas through the chamber. 
When suitable connexions were made to the steel connecting rod 
above and to the silver wire attachment below, as shown in the figure, 
electric stimulation could be applied directly to the muscle, and the 
response recorded upon a drum by the lever, without any uncontrolled 
escape of gas from the chamber. By these means the irritability of 
the muscle to a given shock could be tested from time to time, or 
the response to stimuli recorded under different conditions, as in 
Part ITI. 

In all the experiments the chamber with its connecting tod and 
lever was used in duplicate, and simul- 
taneous records were always taken upon 
the same drum to give a comparison be- 
tween one muscle submitted to a given 
atmosphere and its pair from the same 
animal, for control, under conditions differing 
only in respect of its atmosphere. 

The gases used in the experiments to be 
described here were oxygen, and nitrogen, 
and various mixtures of them, including air. 
The oxygen was supplied from a cylinder; 
the nitrogen was made from a strongly 
alkaline solution of urea by the action of 
sodium hypobromite, and both alike were 
freed from last traces of CO, by passage 
through a strong solution of potash. In 
the experiments lasting for more than half pee 
an hour or so, the gas in any given case was Air-tight muscle chamber. 
supplied continuously to the chamber at a 
slow rate, to escape by the lower exit tube through two or three 
millimetres of water. By this constant renewal of the gas within 
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the chamber the possible effects of the CO, produced by the muscle 
were eliminated. The continuous supply was effected by the slow 
replacement of gas in a simple reservoir by water coming to it from an 
aspirator upon the plan of Mariotte’s bottle. The gas, leaving its 
reservoir, passed through the muscle chamber at a rate of nearly 10 c.c. 
per hour. The saturation with water-vapour of the incoming gas 
allowed the longest experiments to be made without any apparent 
drying of the muscle. 

The results obtained with different muscles may be given sepa- 
rately. 

Gastrocnemius. This is the example given by Hermann of a bulky 
muscle. He found, like Humboldt, and Liebig, that its irritability 
was maintained longer in the presence of oxygen, and his explanation 
of the fact, given in terms of a double action of oxygen upon muscle, 
has been stated already. My results fully confirm this maintenance of 
irritability by oxygen. Without exception, in a large number of expe- 
riments, I have found the irritability of a muscle in nitrogen or in air 
to disappear several hours, in some cases as much as 50 hours, before 
that of the corresponding muscle surrounded by oxygen. In view of 
this agreement the details of experiment appear unnecessary, but 
further illustration of the maintenance of irritability will be given 
under Part ITI. 

Turning now to the incidence of Jeubsioatanine. a point not 
specially investigated by Hermann, it may be said at once that the 
shortening of rigor mortis, like its accompaniments of stiffness and 
opacity, is delayed by the presence of oxygen, as in air, and appears 
never to be exhibited at all in an atmosphere of pure oxygen. | 

When graphic records were taken, by the means described, of the 
variations in length of two gastrocnemii, one in air, the other in oxygen, 
it was found that the ‘control’ muscle in air, after the usual slight 
preliminary relaxation, entered upon the obvious contraction of rigor in 
general near the 24th hour from excision, but sooner or later according 
to the temperature and other circumstances. The muscle in oxygen, 
on the other hand, showed in no instance any death-shortening at all. 
_ Sooner or later (rarely before the 3rd day, at temperatures near 18° C., 
and under cleanly conditions), bacterial putrefaction sets in and ends 
such an experiment. But in no case has shortening been found in the 
muscle under oxygen before this onset of putrefaction and its resultant 
lengthening. 

I have not. attempted by the use of more elaborate aseptic pre- 
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cautions to extend this negative result over a more lengthened period 
than up to the end of four days from excision—a period during which 
in two experiments no shortening occurred in the oxygen atmosphere ; 
for the effect of oxygen in abolishing the incidence of rigor is more 
strikingly shown when means are taken to hasten the natural time of 
the onset of death-stiffening. Such a hastening of rigor mortis may be 
produced in many degrees by strychnine poisoning. | 

In the experiment of which the graphic record is given in Fig. 2, 
a frog (with brain destroyed) was thrown into severe general tetanus 
by the injection of strychnine. The spasms were cut short by pithing 
after three minutes. Preparations of the gastrocnemiu were set up, one 
in oxygen, the other in air. As the figure shows, the ‘ coutrol’ muscle 
in air entered upon well-marked rigor soon after the 6th hour—some 
20 hours earlier than the normal time for the unfatigued muscle. The 
muscle in oxygen showed no contraction up to the end of 48 hours. 
At that time no putrefaction was detected in either preparation, and 
both were inexcitable by any stimulus. Though I have not yet found 
death-shortening to occur in any muscle exposed to pure oxygen, the 
irritability of such a muscle is seldom maintained beyond the end of the _ 


second day. 
| CONTRAGTION 
FELAXATION 


URS 3 6 
FROM EXCISION 9 le 5 18 él 24 


| Fig. 2. Changes in length of a pair of excised gastrocnemii, after fatigue. The ordinates 
are measured directly from the record upon the drum. The levers magnified 64 times. 
| Load 8 grammes. Temp. 23°C. 


A, Exposed to oxygen. B. Exposed to air. 


Exactly corresponding results have been obtained in cases where 
rigor mortis has been hastened by direct electrical stimulation of 
the muscles instead of by strychnine spasms. Corresponding results 
| were obtained also when, in place of air, nitrogen only was supplied 
to the ‘control’ muscle. In this series of experiments with fatigued 
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muscles the difference between air and nitrogen was hardly noticeable, 
the influence of atmospheric oxygen effecting only a slight delay in the 
advance of rigor. | 

In another experiment, shown in Fig. 3, the strychnine spasms were 
allowed to continue actively for 5 minutes. The subsequent record of 
the two muscles, arranged as before for comparison, is very significant. 
In both alike a slight preliminary relaxation was followed by a very 
early shortening at the third hour. From this point onwards the muscle 
B, in air, continued to contract. At the ninth hour, on the other hand, 
A, in oxygen, showed a reversal of the changes within it. Its lever 
redescended to the base line and beyond it again in relaxation. At the — 
27th hour, with no trace of putrefaction in either, muscle B was stiff, 


CONTRACTION 
A 
PELAXATION. 
Hours 3° 6 9 12 15 18 24+ 
AFTER EXCISION. 


Fig. 3. Changes in length of a pair of excised gastrocnemii, after fatigue. Ordinates 
and magnification as in Fig. 2. Load 8 grammes. Temp. 16°C. 


A, Exposed to oxygen. B. Exposed to air. 


opaque, shortened and quite inexcitable by any stimulus. The muscle 
A, in oxygen, was flaccid, relaxed, and in appearance as though freshly 
excised. It gave good contraction with break induced shocks just per- 
ceptible by the tongue (secondary coil at 14.cm.). In the record given 
here there appears a marked differentiation between an earlier spasmic 
shortening phase, comparable with the ‘idio-muscular’ contraction, and 
the later coagulatory phase of final rigor mortis—the latter being ex- 
hibited only in the case of the muscle B. 

The conjoined semi-membranosus and gracilis. The results with this 
muscle-preparation were in complete agreement with those described for 
the gastrocnemius. In a typical experiment lasting for 42 hours from 
excision of the resting muscles, at a temperature of 18° C., the prepara- 
tion in oxygen at the end of that time was uncontracted, flaccid and | 
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translucent, contracting well in response to strong break induced shocks. 
At the same time the control preparation in air was stiff, shortened, 
opaque and unexcitable. It had shown its earliest shortening at the 
24th hour. 

Sartorius. It was in the case of this thin delicate muscle that 
Hermann found no preservative action of oxygen was demonstrable. 
He believed such action, if it occurred, to be more than counterbalanced 
by the superficial destructive action of the gas. 

I am not able to confirm this. Like all the other muscles at 
the sartorius has never shown any approach of rigor mortis when exposed 
to pure oxygen. Indeed I have so far not succeeded in obtaining a 
record of its death-shortening in air, but have only found it to occur 
in nitrogen, in the complete absence of oxygen. 

In a series of six experiments, of which three were concerned with 
resting pairs of muscles, the other three with muscle fatigued by 


strychnine tetanus, both muscles after excision, one in oxygen, the 


‘control’ in air, alike showed an elongation and an ascent of the lever 
above the original base line. The elongation was always more marked 
in the case of the sartorius in oxygen, the muscle in air showing an 
arrest of the early elongation or.a return towards the base line, but not 
a clear contraction. The longer preservation of irritability in the 
muscle exposed to oxygen was always found, and this point will be 
noticed again below. I am inclined to attribute this apparent absence 
of rigor mortis in the sartorvus exposed to air, to the very thinness of 


the muscle of which Hermann speaks; for the atmospheric oxygen 


may in this case perhaps reach all parts of the muscle effectively 
enough to have an action like that of pure oxygen upon the more 
bulky gastrocnemius. 

When the comparison was made between oxygen and nitrogen, the 
sartorwus gave the same results as the other muscle-preparations. A 
typical record is shown in Fig. 4, In this case, strychnine was given 
as before, and an intermittent tetanus of 5 minutes was allowed. At 
the 15th hour the muscle B in nitrogen began to shorten ; A, in oxygen, 
continuously lengthened. At 28 hours after excision, though both were 
inexcitable, A appeared as when freshly excised, while B was stiff and 
less translucent. 

_ It may be noted here that a sartorius muscle sometimes enters into 
well-marked rigor mortis if it be enclosed within a tube of small volume 


_ (less than 10 cc.) containing oxygen, in which the gas remains un- | 


changed. Under these conditions I have found no constant difference 
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in the time of rigor onset between two muscles enclosed in small 
unchanged atmospheres of oxygen and nitrogen respectively. In one 
case at least I have found the sartorius in oxygen rigid and unirritable — 


CONTRACTION | 
. A 
Hours AFTER 3 6 9 12 15 18 21 24 


4AC/S/ON 


Fig. 4. Changes in length of a pair of excised sartorii, after fatigue. Ordinates and 
magnification as in Fig. 2. Load 14 grammes. Temp. 18°C, 


A. Exposed to oxygen. B. Exposed to nitrogen. 


when its pair in nitrogen was still excitable. It is possible that such a 
result may be secondary to the increased formation of CO, by the muscle 
contained in oxygen. The fact at all events suggests an explanation of 
Hermann’s results, for the muscles he observed were contained in small 
tubes confining unchanged atmospheres. 


The results of all the foregoing observations can be expressed by 
saying that an abundant supply of oxygen markedly delays, 
though it does not prevent, the loss of irritability in a sur- 
viving muscle, and, further, that it is able to delay indefinitely, 
or to abolish, the visible phenomena of natural rigor morits, 
even when special means are taken to hasten their appear- 

ance. 

No evidence has been gained to show that the effect of oxygen 
upon the gastrocnemius is twofold, as Hermann suggested. The chief 
support for his view, he found in the divergence of his results in the 
cases of the thick and thin muscles respectively. The idea seems in 
part also to have been suggested by the observation of a stiff, clotted, 
even putrid gastrocnemius showing upon section apparently normal 
inner layers’. I have sometimes found upon section that an inner core 
of the gastrocnemius remains irritable when the outer layers give no 
response, but this condition I believe has generally depended upon 
improper conditions which have allowed a superficial drying of the 
muscle. 


1 loc. cit. p. 51. 
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The indefinite delay or prevention of visible rigor mortis by oxygen 
stands in sharp contrast with the exaggeration caused at the same time 
by oxygen in the survival discharge of CO,,—a: discharge which, there 
is reason to consider, occurs normally as an accompaniment and a sign 
of the chemical events which culminate in rigor. It is impossible under 
these facts to regard the increase of CO, due to oxygen as the result of 
a stimulant action comparable with that, for instance, of chloroform, 
which hastens not only the discharge of CO, but also the onset of rigor. 
It appears rather that the oxygen in producing an increased output of 
CO, has an action to be described perhaps as extractive, and the facts 
taken together indicate that the greater the completeness with which 
the survival processes within the muscle result in the formation and 
output of free CO,, the slower is the decay of irritability and the more 
remote the final act of shortening. 


II. THE CO, DISCHARGE FROM ACTIVE MUSCLE IN THE PRESENCE 
OF PURE OXYGEN. 


In an earlier paper’ I showed that in the case of a frog’s muscle 
surviving in air, a period of active contraction was not marked by an 
increase of the normal rate of CO, discharge unless the activity was.so 
pushed by the stimulation as to induce premature rigor. On the 
general grounds of the probable similarity between the chemical events 
of contraction and those ending in rigor mortis it is natural to enquire 
whether a liberal supply of oxygen, without which the CO, yield due to 
the rigor processes has been found deficient, can reveal similarly in the 
form of CO, the results of contraction. 

A simple form of experiment chamber like that figured in the former 
paper*® was arranged in duplicate to contain two ‘crossed’ pairs of gas- 
trocnemw. To one chamber air was supplied throughout, to the other 
pure oxygen was sent soon after the beginning of the experiment by 
use of an apparatus previously figured*. Coinparative estimations were 
made, at intervals, of the CO, leaving the chambers, by means of the 
Blackman apparatus. The results of a typical experiment are given 
graphically in Fig. 5. As in similar diagrams already published, this, 
drawn on the same scale and plan, gives all the information of a series 
of detailed protocols. The ordinates are proportionate to rates of CO, 
output in cubic centimetres per half-hour, the abscissz to time intervals ; 


1 This Journal, xxi. p. 10. 1898. 2 loc, cit. p. 74. 
3 This Journal, xxvim. p. 356. 1902. 
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so that the enclosed areas represent the actual volumes of CO, deter- — 
mined by the titrations, | : 


IN Q#YGEN 


SUPPLY 
IBEGINS. 


\ 


COp PER HALF 


> 
a 


HOURS AFTER | 2 3 4 . 
EAC/SION 


Fig. 5. Course of survival discharge of CO, from two ‘ crossed ' pairs of gastrocnemii. 
Contraction periods are shaded. Temp. 17°C. 


Experiment (Fig. 5). Two pairs of gastrocnemii were excised at 1.30 p.m., and arranged | 
as ‘crossed’ pairs in experiment chambers A and B. Through the chambers, closed and 
air-tight, the air current was started at 1.55 p.m. (rate 120 ¢.c. per hour). Temp. 17°C. 
Periods of estimation are shown in Fig. 5, From 3.0 p.m. onwards an oxygen current, 
in place of air, was maintained throughout chamber 4, at constant rate (120 ¢.c. per hour). 

First period of stimulation, lasted from 3.5 p.m.—3.25 p.m. Both pairs of muscles 
were connected in series in the secondary circuit, and maximal induced break shocks were 
- given every 10 sec.—1 Daniell cell, the secondary coil at 4em. Both pairs contracted 
well and equally in response, up to the end of the period. The load was 15 grammes for 
both pairs. The volume of each empty chamber was 10 c.c. 

Second period of stimulation, from 5.25—5.55 p.m. ‘The muscles were severely 
tetanised in this period by the interrupted current (secondary coil at 4 cm.—Ocm.) at 
intervals of five seconds, until after eight minutes they ceased to lift the load. Pair B in 
air lost its irritability just appreciably before pair 4 in oxygen. The current was applied 
at the same intervals for the rest of the period. 


It will be seen that the curve of CO, discharge from the muscles B, 
in air—the lower curve in Fig. 5—showed no disturbance during the 
first period of active contraction. During the second period, however, 
in which the stimulation was pushed so as to induce rigor, the curve 
rose as the CO, output was increased. Such a course of respiration has 
been already described as typical under similar conditions for a muscle 
in air’. 


1 loc. cit. pp. 68—76. 
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The curve of discharge for the muscles A, on the other hand, 
followed a different course.. In the first two periods of estimation it is 
nearly superimposed upon the other, showing a similar initial output. 
The oxygen supply began at 14 hours from excision, 5 minutes before 
the first stimulation. In the presence of oxygen the muscles in this 
case exhibit a rise in the rate of CO, discharge for the active period—a 
rise which cannot be the effect of the supply of oxygen acting alone, 


since the elevation in the curve’ of discharge is too abrupt to mark the 


simple exposure to oxygen of a resting muscle during an early, as 
opposed to a late, survival period’, and since also the rate soon declines 


- again. After the second period, that of severe stimulation, the discharge 


rate again rises and again declines, the curve through the change re- 
maining roughly parallel to that given by the control muscles and at a 
higher level throughout. 

When the ‘control’ muscle is supplied not with air but with pure 
nitrogen and its CO, product in activity compared with that of its pair 
in oxygen, corresponding results are obtained, more marked in degree. 
A typical experiment of this kind. may be described. 


Orreen 
Ms 
S -05 
| 
HOURS AFTER ? 8 


EXC/S/ OM, 


Fig. 6. Course of strvival discharge of CO, from two muscle-chains of five gastrocnemii 
each (‘crossed’ pairs). Contraction periods are shaded. Temp. 19°C. 


Experiment (Fig. 6), Five pairs of gastrocnemii were excised at 11.15 a.m., and were 
arranged in ‘crossed’ pairs to give two similar muscle-chains. Each bore a load of 
20 grammes. The chains were arranged to hang freely in two vertical narrow tubular 
chambers—similar to those in the last experiment. The air current was started at 


1 Of. this Journal, xxvin. p. 868, 1902. Figs. 2 and 8. 
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11.40 a.m. Both chambers were immersed through the whole experiment in water 
maintained at 19°C. The volume of each, empty, was 20 c.c, 


The periods of estimation are shown in Fig. 6, excepting a preliminary estimation for 
the period 12.30—12.50 p.m. which showed identical rates of output for the two muscle- 


chains in air. At 1.5 p.m. oxygen was sent to chain A, nitrogen only to chain B. The 


arrangements for delivering the nitrogen were the same as those already described for the 
delivery of oxygen in a former paper!. The first estimation in Fig. 6 shows the discharge 
of CO, to be not quite twice as much from A as from B between 3.12 and 8.32 p.m. 

First period of stimulation. This lasted from 3.35—8.55 p.m. The musele-chains 


were connected upon the same secondary circuit and strong break shocks were sent to both 


at the rate of one per second. The break shocks were just not maximal. Both muacle- 
chains contracted well and apparently equally through the whole period, but the relaxation 
of chain B, in nitrogen, became perceptibly less prompt in the latter half of the period, 

Second period of stimulation, from 5.53—6.3 p.m. The muscles were thrown into 
severe tetanus by an interrupted current, the short circuit key in the secondary circuit 
being held open for one second every three seconds, The secondary coil was at Ocm. Both 
chains gave contractions up to the end of the period, but the chain B in nitrogen lifted its 
load markedly less than chain A during the latter half of the period and at the end of the 
period was nearly brought to a standstill. 

Control estimations made after removal of the muscle-chains showed that no CO, could 
be detected in either the nitrogen or the oxygen currents. 


In this experiment the stimulations given for both periods were 
such as to produce great activity, though the first unlike the second 
ended short of giving pronounced fatigue effects in either muscle-chain. 
After each active period the chain in nitrogen showed a slight increase 
in its CO, production, the yield rising from ‘05 c.c. to 07 ¢.c. and from 
‘045 c.c. to 07 c.c. CO, per half-hour for each stimulation respectively. 
In each case the yield returned promptly to its former level. The 
muscle-chain in oxygen on the other hand showed an increase of CO, 
output from ‘08c.c, to ‘14c.c. per half-hour after the first active period 
and from ‘095c.c. to ‘23c.c. per half-hour after the later period of 
greater activity. 

In all the experiments of this kind it has been found that by the 
application of less severe or less rapid stimulation the CO, output of 
the muscle-chain in nitrogen is in general left unaffected (as Fig. 5 
shows in the case of the muscle in air), whereas the output of the 
muscle-chain in oxygen shows an invariable increase always propor- 
tionate, at least roughly, to the degree of severity of the stimulation. 
The result of all the experiments has been to show that the chemical — 
processes involved in muscular contraction, which in the 
presence of an abundant supply of oxygen, lead to an increased 
output of CO, directly related in amount to the degree of 


This Journal, p. 356. 
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muscular activity, do not, in a deficiency of oxygen, as when 
only air or nitrogen are present, result in such an increase, 
or are represented, not adequately or proportionately, by only 
a slight temporary increase in the rate of CO, output. | 

When giving an account in an earlier paper of the observations 
which showed that active contractions of a surviving muscle in air, 
within limits determined probably by the onset of rigor, do not increase 
the CO, discharge, I concluded that, “the act of contraction which has 
been shown upon so many grounds to resemble in its chemical accom- 
paniments the process of rigor mortis, must be regarded as differing 
from that in this respect,—that while in both processes complex 
molecules are replaced by simpler ones, the splitting decomposition in 
the case of rigor goes at least one stage further than that associated 
with contraction, and has for one of its products free CO,.2” More 
recently I have observed that even the processes of rigor which result 
in the are of CO, are partially incomplete in the absence of 
oxygen*®. In the same way it now appears that it is upon the presence 
or absence of oxygen in sufficient abundance. that the discharge of free 
CO, as an immediate result of contraction depends. 

-That such a relation as this between the survival respiration of 
active muscle and a contemporary supply of oxygen has not been 
shown before depends probably upon the long influence of the classic 
experiments of Matteuci and of Hermann. Matteuci’, who found 
that a muscle after several hours’ complete deprivation of oxygen still 
yielded CO, upon contraction, concluded that the yield was entirely © 
independent of any nearly contemporary oxidative process and was due 
wholly to the break-down of some previously oxidised muscle-substance. 
Under his experimental conditions it is very probable that the contrac- 
tions under discussion rapidly induced rigor. The results of Hermann 
have been noticed already. 

That the liberation of free CO, in the act of contraction is not 
wholly the result, when it occurs, of earlier processes of oxidation, but 
depends also upon the adequate contemporary supply of oxygen, is a 
relation already indicated by a large class of experiments. It is very 
significant that the yield of CO, by muscles through which an artificial 
circulation is conducted has during periods of active contraction been 
variously described as increased (Chauvean and Kauffman‘) as some- 


1 loc. cit. p. 83. : * This Journal, xxvun. p. 356. 1902. 
3 Ann. de Chim. et de Physique, 3° Série, xuvi1. p. 129. 1856. 
* Comptes Rendus de V Acad. Frang. 1887. : 
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times increased (Ludwig and pupils’, von Frey and Graken 
as unaffected (Minot*). These discrepancies receive an explanation 
on the natural supposition that the conditions for oxidation are not 
in general adequate under the circumstances of artificial circulation, 
and least adequate, when, as by Minot, serum alone was used for the 
circulating fluid. | 

When the undisturbed muscle within the body actively contracts, all 
observers have agreed that additional CO, is delivered from the lungs. 
But here again it may be noticed that under conditions in which 
the oxidative functions of the blood have been disturbed, even this 
additional CO, yield from the lungs may be found impaired. Thus 
Meyer‘ in arsenic and phosphorus poisoning found a lowering of CO, 
production accompanied by an accumulation of lactic acid within the 
body, and Araki® showed that in poisoning by carbonic oxide, when 
oxidative processes are hindered, lactic acid appeared in the urme*. 
Observations of this kind, when taken together with the phenomena 
of survival respiration in the presence or absence of oxygen, indicate 
that the splitting processes of muscular metabolism do not come to 
completion without an adequate contemporary supply of oxygen, but 
yield products belonging to a stage of dissociation earlier than that of 
CO, production. 


III THE INFLUENCE OF OXYGEN UPON FATIGUE. 


Since reason has been given for believing that the dissociative 
processes of muscular contraction are more complete in the presence of 
abundant oxygen, it may be expected that the final products left within 
the muscle after contraction will be different and have different toxic 
or other effects upon the muscle functions according to the amount of 

oxygen available at the time. | 
| In the case of mammalian muscles through which an artificial 
circulation was maintained, Ludwig and Schmidt’ showed that 
oxygen even in small quantities had a very marked action in preserving 
irritability, and corresponding results have been obtained by numerous 


1 Ludwig’s Arbeiten, Leipzig, 1868. 

2 Archiv f. Anat, u. Phys. 1885. 3 Ludwig's Arbeiten, Leipzig, 1877. 
* Arch. f. exp. Path. u. Pharmakol. xvi. p. 804. 1883. 

5 Zeitschr. f. phys. Chem. xv.—xvu., xx. 1891—94. 

6 See also Schafer’s Textbook, 1. p. 894. 

Ludwig's Arbeiten, Leipzig, 1869. 
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other observers. The case of an excised musele deprived of circulation, 
however, is a different one, and it has already been noted that 
Hermann! could detect no preservative action of oxygen for excised 
amphibian muscle, contracting at short intervals. I have re-examined 
this point and have found evidence of a very significant relation 
between the onset of fatigue in an active excised muscle and its oxygen 
supply. 

In all the experiments to be given, the apparatus described on p 477 
was used. The muscle chamber (Fig. 1) was very convenient in use, 
and the most active excursions of the connecting rod and lever did not 
disturb the little plug of vaseline which closed the upper aperture of the 
chamber. The muscles used were the — and the sartorius 
of the frog. 

Gastrocnemius. A pair of muscles was arranged in the ‘duplicate 
chambers for direct stimulation. One chamber was filled with. oxygen, 
the other, for control, with nitrogen: in most experiments and in all 
lasting over half-an-hour a slow circulation of these gases was main- 
tained (see p. 477). The loads and the length of lever in each case 
having been equalised, curves of fatigue were obtained by taking 
isotonic records on a slow drum of the responses to maximal induced 
break-shocks sent at short regular intervals through both muscles—the 
muscles being placed in series upon the same secondary circuit, . The | 
record of a typical experiment is given in Fig. 7. In this case, as in 
the similar experiments below, break-shocks only were applied to the 
muscle by the use of a revolving automatic Key. 

As the figure shows, both muscles contracted similarly at first. The 
approach of fatigue is marked earlier, however, in the case of B by 
a diminution of the contraction height and by the incompleteness of 
successive relaxations, In 4 minutes B ceased to give any response 
to the stimulus applied to both. After 5 minutes; with B at a stand- 
still while A was still contracting, the stimulation was discontinued 
for 5 minutes. When the stimulation began again as before, the 
recovery due to rest was well marked in the case of A, and only 
transitory in the case of B. After the third rest interval shown on 
the record, B gave only the smallest noticeable response. 

Such a result has been invariable in all the experiments. This 
delay of the fatigue phenomena produced by oxygen is found, but in 


a lessened degree, as the oxygen is progressively diluted. Comparisons 


1 loc.cit. 
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for instance between muscles in oxygen and air, in air and in nitrogen 
gave concordant but well-marked results. In Fig. 8 is given | the 
abbreviated record of such an experiment. 

Before claiming the delay of fatigue always found in the case of the 
muscle exposed to oxygen, as due solely to the influence of oxygen in 
such comparative experiments as those quoted, it must be shown 
that the nitrogen atmosphere is not directly inimical to the muscle 
substance within survival periods at | long as those covered by 
the experiments. In Fig. 9 the contractions of two gastrocnemt in 
oxygen and nitrogen respectively are shown, given in response to a 
maximal break induced shock, of the same strength throughout, sent 
to both muscles, upon the same secondary circuit, every five minutes. 
The number of contractions performed does not produce appreciable 
fatigue in either muscle, it will be seen, for 24 hours, and we may 
conclude that simple exposure to the nitrogen atmosphere has not 
within that time directly impaired the muscle functions. It may be 
noticed that a little later than this the muscle in nitrogen ceased to 
respond and entered upon rigor mortis. 


Fig. 9. Contractions of a pair of gastrocnemii. Max. break-shook every five minutes. 
The drum was shifted between each oontraction. Load 10 grammes. Temp. 20°C. 


A. Exposed to oxygen. B. Exposed to nitrogen. 


T have not been able by tho substitution of oxygen for nitrogen, 
after fatigue has been well marked in a muscle exposed to the latter, 
to obtain such a recovery of the fatigued muscle as to re-establish 
symmetry in the behaviour of the pair. The late introduction of 
oxygen appears able always to give long maintenance of the stage of — 
declining irritability reached at a given point, but not a return to a 


markedly earlier stage. A typical result of this kind is shown in 


Fig. 10. Here after 8} minutes of the intermittent stimulation (of 
which 5 minutes are suppressed in the figure), when the muscle B in 
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Fig. 10. | Fig. 13. | 

shocks one per second. Load 15 grammes. Temp. 19°C. Oxygen was substituted ‘ 

for nitrogen in the case of B at the point indicated. ee | 

minutes of the first continuous period of stimulation. | 

oe Exposed to oxygen. B. Exposed to nitrogen. | 

Fig. 18. Fatigue in a pair of sartorii, Max. break-shocks one per second. Load | 
6 grammes. Temp. 19°C. 

A. Exposed to oxygen. B. Exposed to nitrogen. 
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nitrogen was responding only just perceptibly, the nitrogen was swept 
out of the chamber by the oxygen current. The marked maintenance, 
with a slight improvement of its response subsequently, after various 
periods of rest, may be seen in the record. 

The single muscle turitch. Comparative records were taken by the 
use of the same apparatus and methods to show the effect of an oxygen 
atmosphere upon the single muscle contraction, in delaying the onset of 
fatigue. The result of such an experiment is shown in Fig. 11. Both 
muscles, A and B, in oxygen and nitrogen respectively, were arranged as 
usual to receive similar and synchronous induced break-shocks, and the 
ordinary tracings to show progressive fatigue were taken upon a rapidly 
moving drum. The usual fatigue effects are seen in the record in both — 
cases, but they are strikingly exaggerated and hastened in the case of 
the muscle B deprived of oxygen during contraction. 


Fig. 11. Contractions of a pair of gastrocnemii. Break-shocks only of same strength 
throughout. Load 10 grammes. Temp. 185°C. Stimulus applied at 2. Con- 
traction no. 1 was the first given. Between each two successive recorded contractions 
as numbered, 120 unrecorded contractions were given, a little slower than one per 
second. 


A, Exposed to oxygen. B. Exposed to nitrogen. 


When air is used in place of oxygen, in this comparison, the same 
effect is obtained, and the record of fatigue occurring in air may be 
roughly described as intermediate between the two sets of curves 
figured. The figures which are given in text-books of the effects of 
fatigue and other agents upon the muscle contraction are, in general, 
taken from muscles exposed to air, and the phenomena described owe 
more or less of their intensity to the presence of oxygen. 
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When the effects of fatigue have once shown themselves in a muscle 
deprived of access to oxygen, the intoxication continues to proceed after 
all stimulation has been withheld. In a muscle supplied with oxygen, 
on the other hand, the intoxication does not advance during rest, but 
is found to diminish. The relation has been indicated in the records 
already given. It is shown very clearly in Fig. 12. In this case 


Fig. 12. Contractions of a pair of gastrocnemii. Break-shocks only, of same strength 


throughout, applied at Load 10 grammes. Temp. 19°C. Both were fatigued by 
max. break-shocks, one per second, and curve no. 1 recorded. No further contractions 
were obtained except those recorded at intervals of five minutes and numbered in 
their order. 


_ A. Eixposed to oxygen. B. Exposed to nitrogen. 


preliminary fatigue having been produced in each, four contractions 
were recorded successively at intervals of five minutes, the muscles 
remaining otherwise at rest. In one muscle, A, in oxygen, there is a 
maintenance of the condition of preliminary fatigue and some restora- 
tion to an earlier one. In the other, in nitrogen, the record shows 
progressive intoxication. 

Sartorius. In Part I. it was shown that the resting crue i in 
spite of its shape, reacted to oxygen in the same way as the more bulky 
gastrocnemius. So also when it is maintained in activity, the sartorius 
gives results exactly corresponding with those just described and in an ~ 
even more advanced degree. The facts suggest indeed that the delay 
of fatigue produced by exposure to oxygen is more striking in the case 
of this muscle because of the thinness which allows ready access of the 
gas to all its parts—a ready access which Hermann believed on the 
other hand rendered it defenceless — the oxygen attack he 
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described. In Fig. 13 (p. 492), a tracing taken from a pair of sartorii is 
given. The conditions of experiment were those already stated for the 
gastrocnemius. 

In the tracing given in Fig. 13, the sartorius B, in nitrogen, came 
. to.a standstill in just over 3 minutes—having been stimulated like the 
other by maximal break induced shocks given once a second. After 
the first rest interval of 5 minutes it gave a barely perceptible move- 
ment, Subsequently, after further rests it showed no movement at 
all, and entered upon the preliminary lengthening of rigor mortis, as 
the tracing shows. This lengthening, in the particular case given in 
Fig. 12, passed after a few hours into well-marked death-shortening. 
The muscle A showed on the other hand a much more slowly advancing 
fatigue effect. After the rest period it showed a marked improvement 
in its response to the same stimuli as before and gave nearly equivalent 
series of contractions after each rest period subsequently. It continued 
‘to give responses to the same stimuli after its pair B had begun to 
show death-shortening. 

In the record in Fig. 13, it may again be noticed that the ‘staircase’ 
phenomenon at the beginning of the series of contractions is more 
pronounced in the case of the muscle deprived of oxygen. Such a 
relative exaggeration of the ‘staircase’ effect has been generally 
observed throughout the comparative experiments in the case of the 
muscle less adequately supplied with oxygen. I do not peers to deal 
with this point in detail in the present paper. 

In all the experiments precautions were taken to avoid contamina- 
tion with CO, of the gases used. The nitrogen in particular, made by 
the action of hypobromite upon urea, was freed from CO, by passage 
through a wash-bottle of strong potash. The nitrogen current beyond 
the wash-bottle, like the oxygen current, was tested from time to time 
by means of the estimation apparatus and was found to be free from 
traces of CO,. Von Lhota* has recently published an account of 
the action of CO, upon muscle contraction and his comparative records 
taken from muscles contracting respectively in air and OO, show a 
great similarity in many respects to some of those given above. He 
does not refer to the circumstance that the effects assigned to the 
action of CO, must include effects due to the absence of oxygen. In 
one section he shows that the action of CO, in abolishing irritability is 
hastened by the activity of the muscle, but the absence of oxygen in a 


1. Arch. f. Anat. u. Phys., Oct. 1902. 
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CO, atmosphere is a factor in this result to which he makes no 
reference, It is clear that the specific action of CO, upon muscular 
contraction can only receive pure demonstration when the control 
muscle for comparison is exposed to an indifferent, and therefore 


oxygen-free, gas, 


The foregoing observations show that in an excised muscle, 
irrespective of its shape, the development of fatigue follow- 
ing upon active contractions is controlled by the contemporary 
supply of oxygen, the onset of fatigue being slower, the more 


abundant the oxygen supply; and that the intensity of fatigue 


phenomena, at a given moment, in a recently excised muscle from 
which all oxygen is withheld, is a function not of the time elapsed in the 
absence of oxygen, but of the previous activity of the muscle. 
Attributing the phenomena of fatigue to the presence within the 
muscle of toxic substances, we have to explain the mode in which an ° 
abundant supply of oxygen can prevent the formation, or effect the 
removal or neutralisation, of. these poisons. Loeb? has discussed the 
effect of a lack of oxygen upon the heart-beat in two species of fish- 
embryos. He found that the heart of an embryo Ctenolabrus deprived 
of oxygen soon came, after a slowing of its rhythm, to a very abrupt 
standstill. In the allied Fundulus embryo, on the other hand, the lack 
of oxygen gave a similar slowing of the rate of beat, but the rhythm 
after falling first rapidly and then more gradually, was maintained at 
a low level for some hours. The sudden standstill of the Ctenolabrus 
heart he was inclined to attribute to an intoxication acting possibly 
through a structural change. The decline in rate of the Fundulus heart- 
beat he put down to a decline of energy freed by oxidation, while its 
long maintenance was evidence against the formation of poisonous bodies 
like those which gave the abrupt stoppage of beat in the former species. 
It seems that so marked a difference in the effects of withdrawal of — 
oxygen in two closely allied species must more probably depend upon ~ 
some secondary circumstances than upon an essential difference between 
the chemical processes of contraction in the cardiac muscle of the two 
species. Budgett* subsequently in Loeb’s laboratory showed that 
the visible structural changes and the resultant disorders of function 
produced in certain Protozoa by many drugs were closely imitated by 
the changes following a simple withdrawal of oxygen. He concluded 


1 Pfhliiger’s Archiv, uxn. p, 249. 1896. 
2 Am, Journ. of Phys. 1. p. 210. 1898, 
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that either the poisons had their action by interfering.with oxidation, 
or that interference with oxidation (by removal of oxygen) had its action 
by producing poisons. 

Reason has been given in Part II. above for believing that the 
chemical processes of muscular activity, like the survival processes of 
resting muscle, do not reach their natural end in the production of CO, 
without an adequate oxygen supply. With or without oxygen available 
at the moment, the excised muscle gives rise slowly if at rest, rapidly — 
during activity, to bodies believed to be precursors of CO,, and known 
to be poisonous, whose action is marked by the onset of fatigue and 
hastening of rigor mortis. It is reasonable to suppose that the bene- — 
ficial action of oxygen, in delaying both fatigue and rigor mortis, is 
a sign of the greater completeness with which in its presence the 
metabolic products of muscle are expressed in the form of liberated 
CO,. 


IV. SumMMaRY. 


1. The progressive loss of irritability in a surviving muscle is 
markedly delayed by an abundant supply of oxygen. | 

2. The advent of natural rigor mortis is delayed, apparently 
indefinitely, by the same influence, even when special means are 
taken to hasten it. 

3. These preservative actions of oxygen appear to be independent 
of the shape of the muscle and its surface relations, and no confirmation 
has been found for the view of Hermann that the action of oxygen on 
muscle-substance is twofold, one effective at the surface, the other, 
opposite in character, effective below the surface. 

4. The phenomena of fatigue resulting from active contractions in 
an excised muscle are, irrespective of its shape, diminished in intensity 
and in rapidity of onset, by an adequate contemporary supply of oxygen, 
and marked recovery from the effects of fatiguing contraction may be 
seen in a muscle deprived of nutriment but exposed freely to oxygen. 

5. The survival discharge of CO, from an excised muscle is 
increased during periods of contraction in the presence of abundant 
oxygen, the increase being proportionate, or roughly so, to the number 
and degree of the contractions. In agreement with observations 
already published, this additional yield of CO, accompanying contrac- 
tion is absent or incomplete in the case of a muscle made to contract 
in air or in nitrogen. | | 
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due to an increased accumulation, under circumstances of deficient 
oxidation, of the metabolic products within the muscle which are the 
potential precursors of CO,.. 
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THE NATURE. OF THE LESIONS WHICH HINDER 
THE DEVELOPMENT OF NERVE-CELLS AND 
THEIR PROCESSES. By H. K. ANDERSON, M_D., 
Fellow of Gonville and Caius College, aera (One Figure 
in Text.) 


(From the Physiologica Cambridge.) 


CONTENTS. 
The development of sensory protonearone after Iason of ther contel 
or peripheral processes 
The unchecked development . p. 509 
The central origin of the cervical sympathetic nerve ‘ p. 510 
arrest of development of neurones after certain lesions eis BEL 
or peripheral processes. 


In 1896 Lugaro’ published an account of observations he had made upon 
spinal ganglia after previous section of peripheral nerves and posterior 
roots respectively. The experiments were performed upon dogs, cats 
or guinea-pigs, and lasted from 3 to 40 days; the animals used were 
generally adult, and in no case less than 66 days old. The ganglia were 
finally hardened with corrosive sublimate, and sections of them stained 
with thionin. Lugaro found that “the cells of the spinal ganglia in 
consequence of a lesion of their peripheral processes undergo alterations 
which may lead to their death and disappearance, but preserve their 
normal structure after lesions or complete section of their central 
processes.” He does not mention the condition of the posterior roots 
or peripheral nerves in his experiments, 

Dickinson’, however, and Vulpian® had noticed at an early date 
that changes occurred in the posterior columns of the spinal cord after 

1 Lugaro. Riv. di Pat. nerv. e ment, 1. p. 457. 1896. 


2? Dickinson. Journ. of Anat. and Phys. m. p. 88. 1868. — 
*Vulpian. Archives de Phys. 1. p. 443, 1868, 1. p. 687, 1869. 


4] 
Fr 
a 
i 
¥ 
na 
a 
| 4 
¥ 
val 
Me 
‘ 


500 H. K. ANDERSON. 


amputation of a limb in man; the former also observed changes in 
the posterior roots in his cases, but the latter failed to find any such 
changes. Marinesco’, however, found atrophy of the corresponding 
posterior roots and posterior columns of the cord in the case of two 
men who had lost a limb 21 and 10 years previously, though he was 
convinced that the spinal ganglion cells were unchanged. 

Homén? in 1888 and 1890 described changes in the spinal ganglia — 
after previous section of peripheral nerves in young animals as well as 
atrophy of the posterior roots and posterior columns of the spinal cord, 
and in his later communication and also in Durante’s* book concerning 
secondary degeneration, full references will be found to many commu- 
nications which have been made upon this subject. 

I myself found the right 6th and 7th lumbar and Ist sacral ganglia 
smaller than the left in a kitten 55 days old in which I had cut for 
another purpose the right sciatic nerve on the llth day after birth. 
In sections, moreover, of the right 1st sacral ganglion (which had been 
hardened with corrosive sublimate and stained with methylene blue) 
the majority of the cells were distinguished under a low power of the 
microscope by their pale colour, and under higher magnification were 
seen to contain less chromophil substance, and this was scattered 
throughout them in the form of fine granules. The pale cells were 
relatively smaller than the cells of the control ganglion since many 
of them measured less than any of the cells in the control, and none 
were found so large as the largest cells in the latter. There were, 
however, sound cells in the right ganglion, but the presence of such 
cells was expected since several sensory branches of the Ist sacral nerve 
had remained uncut. 

An examination of the 7th lumbar ganglia and posterior roots, 
which had been hardened in osmic acid, showed that there was the same 
diminution in the relative size of many cells in the right ganglion, and 
also that the posterior roots were much smaller than the left, most of 
the fibres in the right roots being of relatively smaller calibre. In the 
spinal cord also sections through the ijumbar and dorsal regions, stained _ 
by a modified Weigert method, showed clearly an area in the posterior 
columns upon the right side in which most of the fibres were of 
relatively smaller calibre than those in the corresponding area upon 
the left side. 

1 Marinesco. Neur. Centralbl. pp. 463, 505, 564. 1892. 


2 Homén. Neur. Centralbl. p. 66, 1888; and Ziegler’s Beitriige, vu. p. 827. 1890. 
’ Durante. Des dégénérescences secondaires du systéme nerveuw. Paris, 1895. 
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Portions of the 2nd and 3rd lumbar segments were also cut by 
the freezing microtome into 18 and 23 sections respectively, and the 
number of cells in Clarke’s column counted on the two sides with 
the following result. 

Large Medium Small Total 

_ 2nd lumbar portion, Right side, 12 29 23 64 


» Left side, ~ 21 37 18 76 
3rd faite portion, Right side, a 73 180 
s » Left side, 72 72 49 193 


Another piece of the 3rd lumbar segment was cut into 67 sections 
after hardening it in alcohol, and in these I found 78 large cells on the 
left. side and ‘50 on the right. Homén and Marinesco also had both 
found in their observations a diminution of the number of cells in 
Clarke’s column, and in the oieateecece group on the side of the 
amputation of the lower limb.. 

The problem, however, with which I was specially concerned was 
the question whether the spinal ganglia and their peripheral processes 
continued to develop normally after section of the posterior roots in 
very young animals, since I could find no experimental evidence upon 
this point. 

Several cases of amyelia, it is true, have been recorded in which the 
sensory peripheral nerves and ganglia have apparently been normal, 
eg. by Sherrington’ and Leonowa’, but the evidence derived from 
such cases does not strictly apply to the problem under discussion since 
the sensory protoneurones have been more or less intact, long posterior 
roots being found in the vertebral canal in Sherrington’s case: more- 
over, it is impossible in these cases to determine whether the rate of 
growth has been normal, since no control ganglia or peripheral fibres 
are available. 

I have, therefore, made four experiments to investigate this problem. 
In the first I opened the vertebral canal, on the left side only, in a 
rabbit 8 days old, with great care, and having picked up a piece of the 
dura mater with fine forceps I made a slit in it. The escaping fluid 
_ drove the posterior roots of the 6th and 7th lumbar nerves into the slit, 
and thus enabled me to cut the whole of the posterior rootlets of the 
7th and most of those of the 6th lumbar nerve without touching the 
spinal cord or pulling the roots. The rabbit was killed 52 days later 


1 Sherrington. This Journal, xvm. p. 211. 1894. 
* Leonowa. Neur. Centralbl, xm. p. 729. 1894. 
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and tne 7th lumbar ganglia were cut into serial sections of equal 
thickness after the ganglia had been hardened in osmic acid. (In all 
my experiments the two ganglia were, of course, treated as far as 
possible in exactly the same way.) The number of transverse sections 
which contained a portion of the ganglion was approximately equal on 
the two sides. In order to determine the relative size of the cells in 
the respective ganglia I drew under a camera lucida 50 of the largest, 
and 50 of the smallest cells I could find, in 5 rows of 5 sections each, 
taken from either ganglion at five corresponding levels, only those cells 
being drawn which contained a nucleus and nucleolus. I then selected 
the 10 largest and 10 smallest cells on each side and compared them, 
but I found no difference. The structure of the cells upon the two 
sides was also identical, and also the size and position of the nucleus. 
On the other hand the posterior rootlets of the 7th lumbar nerve 
were ill developed even within the ganglion. The rootlets, however, 
contained many medullated fibres and had grown considerably since 
their division, but the medullated fibres were relatively much smaller 
than those on the sound side, and there were many non-medullated 
fibres among them. This atrophic condition of the roots was more 
remarkable on account of the minimal amount of injury sss in 
their section. 

In the second experiment I cut the posterior roots of thes 6th and 
7th lumbar and Ist sacral nerves in a kitten 14 days old and killed it 
45 days later, and in the third experiment the posterior roots of the 
7th lumbar and Ist and 2nd sacral nerves in a rabbit 8 days old which 
was killed 26 days later; in both cases the lesion was upon the left 

side. 

_. °* The 7th lumbar ganglia were hardened in alcohol in the second 
experiment, and in a saturated solution of corrosive sublimate in the 
third; sections were cut in paraffin, and stained with methylene blue. 
In iattes case, however, could I detect any difference in size between 
the cells of the corresponding ganglia, nor in the amount and arrange- 
ment of the chromophil substance in them, though the divided roots 
were atrophied up to the ganglion. The same method was adopted to 
determine the size of the cells as before except that the 50 cells which 
were drawn were selected from the whole series of sections sbrough 
each ganglion. 

In the fourth experiment I cut the isbn roots of the last four 
lumbar and first two sacral nerves upon the right side in a kitten | 
12 days old, and killed the kitten 51 days later. The lumbo-sacral 
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plexus was of the most anterior type, the kitten having 13 thoracic 
nerves and ribs. The posterior root ganglia and roots were hardened 
in osmic acid. Again, however, I failed to detect the slightest differ- 
ence in the size or structure of the cells in two corresponding ganglia 
(in this case the 6th lumbar ganglia), by the same method as 
before, 

Corresponding portions were also taken of the following nerves, the 
Papessites saphenous, the external saphenous, the cutaneous division of 
the musculo-cutaneous. In these nerves there were no medullated 
motor fibres, and upon the right side no sensory fibres which were not 
connected with the divided roots. If, therefore, the division of the roots 
checked the development of the peripheral nerves connected with them, 
there should be-no fibres on the right as large as the largest in the 
corresponding nerves on the left, and there should be some fibres on the 
right smaller than any on the left. 

I have tested this point by means both of sections and of teased 
_ specimens; eg. I drew under the camera lucida 150 of the largest fibres 
I could find in transverse sections of each internal saphenous nerve, and 
in the cutaneous division of each musculo-cutaneous nerve, and selected 
therefrom in each case the 10 largest fibres. The calibre, however, was 
the same on the two sides, Again in teased specimens of the internal 
and external saphenous nerves I selected the 10 smallest and 10 largest 
fibres from the 50 largest or smallest fibres of each class I could find to 
draw, and chose only those fibres which exhibited an equal calibre for a 
considerable length, but found no difference upon the two sides. 

I could also see no difference in the relative number of small medium 
aud large fibres on the two sides in drawings of whole corresponding 
branches. 

I also cut the vagus above the ganglion trunci vagi in a rabbit 18 
days old, and 119. days later elicited no movement of the body or altera- 
tion of respiratory rhythm upon stimulation of the. central end of the 
vagus nerve in the middle of the neck. The ganglia were hardened 
with corrosive sublimate, cut in paraffin, and stained with methylene 
blue, but I could detect no difference between the two ganglia, either in 
the size or microscopical appearance of the cells. In another rabbit 
however, in which the vagus and sympathetic nerves had been cut in the 
neck low down 52 days previously when the rabbit was 8 days old, I 
found most of the ganglion cells much altered, some more than others, 
but some of the cells were normal, presumably those connected with the 

undivided superior laryngeal nerve. The changes which occur in the 
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ganglion trunci vagi after section of the vagus trunk have, however, been 
recently studied in detail by Lugaro’. 

In all my experiments the fibres of the central end of the divided 
peripheral nerves were much smaller than normal, and the corresponding 
anterior and posterior roots were ill developed in the experiments in 
which the sciatic nerve had been previously cut; but it is well to notice, 
on the other hand, that in my fourth experiment I could detect no- 
difference in the anterior roots of the 6th and 7th lumbar nerves either 
in the size of the fibres or in the thickness of the medullary sheath, 
although all the posterior roots connected with the limb had been cut 
and severe ataxia had been caused by this lesion, since Warrington* 
has described changes in the cells of the anterior horn after lesions of 
posterior roots and Mott’ is inclined to attribute the atrophy of the 
anterior roots seen after amputations partly at all events to the loss of 
kinesthetic impulses. My observations, however, in the last experiment 
yield no evidence in favour of “ disuse atrophy ” resulting in the cells of 
the anterior horns in consequence of the loss of kinesthetic impulses. 

My observations, therefore, show that sensory protoneurones may be 
mutilated by the early removal of their central processes which form in 
some cases a considerable portion of the entire neurones and yet develop 
quite normally with the exception of their central processes. 

Since the cause and nature of the early lesions in tabes have been 
much disputed it is interesting to notice that several recent observers‘ 
have been unable to detect even with modern methods any changes in 
the spinal ganglia in cases in which the corresponding posterior roots 
were atrophied, a condition of the sensory protoneurones found after my 
experimental lesions of the roots. Lugaro also had already noticed the 
importance of the integrity of the spinal ganglion after section of the 
posterior roots in its relation to tabes, but he does not notice the atrophy 
of the divided posterior roots attached to these ganglia — makes the 
analogy even closer. 


1 Lugaro. Riv. di Pat. nerv. e ment. vu. p. 97. 1902. 
2? Warrington. en xx, p. 112, 1898 ; xxrv. p. 464, 1899; xxv. p. 462, 
1900. 
4 Conf. Literature given by Schaffer. Neur. Centr. xvn. p. 2. 1898; also Mott, 
cit, p. 97. 
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Lesions which cha the development of neurone 


A. Lesions of preganglionic fibres. 


The development of the central end of the sympathetic is greatly 
hindered by its early division ; thus in a kitten 47 days old in which the 
right nerve had been divided 39 days before I found only 300 small and 
very pale fibres 1 cm. from the cut, whereas I counted 1000 larger and 
darker medullated fibres in about half the left nerve at the same level ; 
also in a kitten 120 days old in which the left nerve had been cut 
109 days in the middle of the neck both the anterior and posterior limbs 
of the annulus of Vieussens were much smaller and contained many fewer 
medullated fibres, and the left sympathetic nerve above the — 
cervical ganglion contained but few medullated fibres. 

Section of the cervical sympathetic nerve, therefore, hinders the 
development of the central end of this nerve, although this lesion blocks 
no known afferent tract. 


B. Lesions of post-ganglionic fibres. 


The observations in this series of experiments were made to ascer- _ 
tain what effect, if any, section of the post-ganglionic branches of a 
sympathetic ganglion would have upon the development of the pre- 
ganglionic fibres connected with it. The experiments were, therefore, 
performed upon very young animals, and the cervical sympathetic tract 
was generally selected as the field for the observations, firstly, because 
the sup. cerv. ganglion can be readily exposed and its branches cut 
without injury to the ganglion or its blood-supply, and secondly 
because, as Langley’ has shown, no preganglionic fibres pass through 
the ganglion. 

_ In the kitten the cervical sympathetic nerve at birth contains no 
medullated fibres; the medullated fibres (some 30 in number), which 
are seen apparently in the sympathetic, are really fibres in the 
depressor branch of the vagus. This branch I always dissected away . 
carefully, commencing close to the sup. cerv. ganglion where it is easily 
distinguished. Occasionally, however, another aberrant bundle of the 
vagus noticed by Langley* joins the sympathetic lower down in the 
neck, and after a short course with it again leaves to join the vagus 


A Langley. This Journal, xx. 70; xxm. 354; xxv. 474. 
- . & Langley. This Journal, xxv. p. 471. 
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trunk, a small ganglion being seen in the sympathetic nerve at the 
point of entrance of these fibres. This branch was also excluded if 
- found. A small proportion of the fibres of the cervical sympathetic 

nerve become medullated, however, 14 to 21 days after birth, but I 
always cut the post-ganglionic branches in my en before the 
animals were 16 days old. 

To ensure that my results were not due to damage inflicted 
unwittingly upon the sup. cerv. ganglion itself, I exposed in two of my 
experiments the control ganglion fully, and passed curved forceps under 
it and its carotid branches, thereby exposing this ganglion to relatively 
greater risk of direct injury. In another of my experiments also, in 
which the cervical sympathetic nerve was cut close below the ganglion, 
- no atrophy of the ganglion occurred, so that a wound in the immediate 
neighbourhood of the ganglion cannot be the cause of my results. - 

_ The division of the carotid branches caused no visible bleeding, and 
since the main blood-supply of the ganglion enters near its lower end, 
the changes in the ganglion I am about to describe cannot be due to 
loss of blood-supply. 

At the end of the experiments the whole cervical sympathetic 
nerve was fixed in 1°/, osmic acid with the tisues around it, but the 
_ superior cervical ganglia were separately fixed with corrosive sublimate 
(except in one case). Sections were cut in paraffin and stained with 
methylene blue or with hematoxylin. The cervical sympathetic nerves 
after thorough washing with water were carefully dissected and portions 
at corresponding levels teased in glycerine or cut in paraffin. The 
medullated fibres were then counted, unless the difference between the 
tavo sides was great enough to render counting unnecessary. 

The following observations show that section of the post-ganglionic 
branches checked the development of the corresponding —— 
tract in both young rabbits and kittens. 


I, 


Kitten. 10 days old. External and internal carotid branches of L. sup. 
cerv. ganglion cut. R, ganglion fully exposed. Duration of experiment, 
57 days. 

L, cerv. symp. nerve, no effect except slight vasoconstriction of ear. 

R. symp, nerve contains over 4000 medullated fibres (of which very few 
are pale) and few non-medullated; L. symp. nerve 920 medullated fibres (many 
pale), and many non-medullated. The left nerve is much smaller than the 
right, as shown by the transverse sections of the two nerves, Fig. 1, I. 
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» The left sup. cerv. ganglion contains a fair portion of normal cells at the 
lower end, but in the upper two-thirds of the ganglion there are very few 


Ill [Vv 

“Fig. 1. 

cach case the upper section is taken trom the sound side and the 
lower from the injured side. 


normal cells, which are scattered among fibres which look like non-medullated 
nerve-fibres. Many small atrophied cells are also seen, but it would appear 
from the relative scarcity of the cells in this region that many must have 
disappeared. 

The right sup. cerv. ih ise is much larger, and the cells are normal. 


‘Experiment II. 


Kitten. 15 days old. Internal carotid branches of R. sup. cerv. 
cut, also branches of 2nd and 3rd cervical nerves at their exit from the muscles 
of the neck. Duration of experiment, 23 days. 

R. symp. n. stimulated, 0 pupil, nictitating membrane, ? ear. 

R. nerve close to ganglion, 735 medullated fibres, L. nerve 1810: the right 
nerve is much smaller than the left, Fig. 1, IT. 

_ The R.s.c. ganglion is smaller than the left; there are many fewer 
normal cells in it, and many cells which are small and shrunken: there seems 
to be an increase of fibres (? non-medullated nerve-fibres) in the ganglion. 
L. s. ¢, ganglion normal. 

Exrerment III. 

Kitten. 12 days old. Extl. and intl. carotid branches of L. s, c. ganglion 
cut. R. ganglion not exposed. Duration of experiment, 26 days. 

L. symp. nerve, only ? slight effect on ear. 


R. symp. nerve close to ganglion, 1875 medullated fibres, left, 1130. 
The L. sup. c, ganglion shows considerable diminution of size in many of 
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the cella, and many of the cells 
the ganglion contains very few cells. 

The R. symp. nerve is larger than the left, Fig. 1, at witeh shows the. 
relative size of the two nerves immediately above the inf. cervical ganglia. 


Kitten. 11 days old, Int. carotid branches of L.s.c. ganglion cut. 
R. s. c, ganglion not exposed. Duration of experiment, 44 days. 

L. symp. n. 0 pupil, nictitating membrane, but vasoconstriction ear. 

The L. nerve is smaller than the right nerve, Fig. 1, IV, and teased 
specimens show that though there are a fibres in both nerves the left 
nerve is much paler. 

Longitudinal sections through the L. s. c. oe show that there are 
very few normal cells in this ganglion above the exit of the external carotid 
branches, though there are many small and shrunken cells. Many cells have 
disappeared and the space formerly occupied by them is filled with tissue 
which, as in previous experiments, I cannot distinguish from non-medullated 
nerve. The cut post-ganglionic branches attached to the ganglion appear 
larger than they were at the time of their division. The lower portion of 
the ganglion is normal in appearance. 


EXPERIMENT V. 


Rabbit. 8 days old. Ext. and int. carotid branches of R. s. c. ganglion 
cut 115 days. lL. s, c. ganglion not exposed. | 

R. symp. 0 pupil, nictitating membrane, eyelids, slight vasoconstriction 
ear. 

The difference between the two sympathetic nerves is very great, Fig. 1, V, 
the right nerve is obviously smaller even to the unaided eye, and the number 
of medullated fibres in it conspicuously less. 

There are very few cells in the right ganglion (which is much smaller than 
the left), also there are many small deeply stained cells in the right muneted 
among a tissue like non-medullated nerve. 


Expzriment VI. 


Rabbit. 6 days old. Int. carotid branches of oo moa 
R. ganglion not exposed. Duration of experiment, 44 days. | 

There are very few medullated fibres in either sympathetic nerve, 805 i in 
the right, and 173 in the left, but the left nerve is obviously smaller. 

Many shrunken cells in the left s. c. ganglion. Cty 
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_ So far as I am aware the only previous observations upon atrophy. 
of visceral neurones have been made by Bernheimer' and Marina’. 
The former observer found chromatolysis in the cells of the ciliary 
ganglion 10 days after the removal of the contents of the eyeball im two 
monkeys, and the latter complete degeneration of the cells of the 
ganglion after section of the optic and ciliary nerves in dog and 
monkey. 

I have given reasons already for excluding direct damage to the 
ganglion or its blood-supply as the cause of the atrophy described 
above, and I have also failed, after staining sections of the ganglia . 
in experiments 1, 2, 4, 5 with hematoxylin and rubin § or with 
van Gieson’s stain, to discover any increase of connective tissue in the — 
atrophic ganglion which might by its contraction have converted the 
lesion of the peripheral neurones into a secondary but really direct 
lesion of the central neurones. Moreover, the paralysis of the dilatator 
cannot have checked the development of the peripheral ganglia in this 
case by removing afferent impulses which might normally stimulate 
the cells of the cilio-spinal centre, because it will be shown in the next 
section that the removal of all efferent stimuli issuing from this centre 
does not check the development of these ganglia. 

I, therefore, conclude that a lesion of the motor processes of the 
peripheral neurones checks the development of the central neurones, 
a conclusion which does not accord with the acceptance of anatomical 
discontinuity between these neurones. — 


The unchecked development of sympathetic ganglia after decentralisation 

In the following experiments the cervical sympathetic was cut upon 
one side to prevent nervous impulses reaching the ganglion. © 

Rabbit (Exp. 8), 6 days old; L.c.s, cut; killed after 52 days. 
Kitten (Exp. 9), 9 days old; R.c.s. cut; killed after 79 days. 
_ Kitten (Exp. 10), 9 days old; R.c.s. cut; killed after 119 days. 

The sympathetic was shown by stimulation not to have regenerated | 
at the end of the experiment ; and throughout the experiments the signs 
of paralysis in eye and ear were well marked though they were less at the 
end than soon after the operation. I could detect no difference between 
the corresponding ganglia in respect of size. The ganglia were hardened 
with corrosive sublimate, and sections stained with methylene blue; 


1 Bernheimer. Archiv f. Ophthalm. xu1v, p. 526. 
* Marina. Riv. di Path. nerv. e ment. m. p. 529. | 
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the size and structure of the cells in the corresponding ganglia were, 
however, found to be identical. To determine the relative size of the 
cells I drew under a camera lucida as in my previous observations 50 of 
the largest cells in each ganglion and compared them. 

Inactivity far from causing atrophy in this ganglion had not even 
checked the development of it, and there was, therefore, no evidence 
in this case of so-called “disuse atrophy.” 


Central origin of the cervical sympathetic nerve. 

In 1889 Gaskell? upon anatomical evidence suggested that the 
smaller cells of the tractus intermediolateralis gave origin “to the kata- 
bolic or motor nerves of the vascular and glandular systems,” and 
showed that the limits of this column of cells corresponded closely with 
the outflow of motor nerves to the heart and blood vessels. This view 
was also supported by Mott* and Sherrington’. 

Onuf and Collins‘, from experiments on excision of a stellate 
ganglion and other portions of the sympathetic system, conclude that the 
efferent fibres of the sympathetic take their origin from “ the cells of the 
paracentral group,” the small cells of the lateral horn and “the small 
cells of the intermediate zone,” the “paracentral” group being “cells 
situated on both sides of the central canal, directly ventrad of Clarke’s 
column, and sometimes confluent with the latter,’ and “the inter- 
mediate zone” being “the area lying between the bases of the posterior 
and anterior horns”; extirpation of the stellate ganglion they found 
caused retrogressive changes in the cells of both lateral horns, of both 
paracentral groups, and of both columns of Clarke. 

Bied|*, after division of the splanchnic nerve in dogs, found on the 
side of the lesion changes in the cells of the lateral horn of the lower 
cervical region of the cord, and in the ventral horn of the uppermost 
thoracic region, decreasing in number towards the cerebrum, about the 
6th cervical, and towards the sacral, about the 5th dorsal nerve. 

I have examined the upper thoracic region of the cord of kittens in 
which the cervical sympathetic nerve had been cut at an early age for 
39 days or longer, and also the cord of an adult cat kindly given to me 


1 Gaskell. This Journal, x. p. 160. 1889. 

2 Mott. Brain, p. 447. 1890. 

* Sherrington. This Journal, x11. p. 700. 1892. 

4 Onuf and Collins. Journal of Nerv. and Mental Diseases, xXx. pp. 666 and 667. 
1898. 

5 Biedl. Wien. klin. Wochensch. p. 918. 1895. 
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by Dr Langley in which the cervical sympathetic nerve had been cut 
_ for 75 days: I have found atrophy in the small cells of the lateral horn 
on the side of the lesion in all cases but not elsewhere. The relative 
~ number of cells upon the two sides has been determined by examining 
all the sections in a segment of cord, since this is especially necessary 
on account of the irregular grouping of the cells at different levels on 
the two sides. I hope, however, to give an account of these and other 
observations upon the central origin of the sympathetic system in a 
later paper. | 


Discussion of the reasons suggested for the ocourrence of atrophy or 
arrest of development of neurones after certain lesions. 


In the first series of experiments a reason for the difference of the 
effect of the two lesions seems obvious, but only on first consideration, 
viz. that section of the peripheral processes robs the cells of the spinal 
ganglion of the stimuli they receive normally from the periphery, whereas 
section of the central processes merely prevents them passing impulses 
on to neighbouring neurones. This simple explanation, however, as 
Lugaro notices, is clearly inadmissible in the case of other neurones; 
é.g. in my experiments section of the cervical sympathetic nerve did not 
affect the growth of the peripheral neurones though it deprived them of 
all efferent impulses from the central nervous system, and left the 
ganglion in a state of comparative inactivity as shown by the continued 
paralysis in the eye and ear, but it did check the development of the 
central neurones although it blocked no afferent path and merely 
prevented these neurones transmitting impulses to the peripheral 
neurones. Lugaro, therefore, in consequence of the changes which 
follow the lesion of a motor axon suggests that “motor and sensory 
protoneurones differ in their metabolism and hence react differently, 
the sensory protoneurone being more sensitive to a lesion which prevents 
stimuli reaching the cell, and the motor ‘Protoneurone to an — 
of the normal discharge along the axon.” 

My observations after section of the carotid branches of the superior 
cervical ganglion show, however, that section of a motor axon may check 
the development not only of the mutilated “ protoneurones” but also of 
the preceding neurones although “ the normal discharge along the axon ” 
of the latter is uninterrupted. : 

I suggest, therefore, that the section of RO ERE nerves checked 
the development of motor and sensory neurones not because it blocked 
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the passage of efferent impulses in the first case and the reception of 
stimuli from the periphery in the second, but for the same reason in 
both cases, viz. that the lesion disturbed the chemico-physical equili- 
brium of an anatomically continuous (neuro-muscular or neuro-epithelial) 
chain of cells, by separating the non-nervous tissues from the nervous, 
and that the changes occurring in denervated muscle, which I shall 
describe later (and possibly those in denervated skin), are in part due to 
the reciprocal chemico-physical disturbance effected in these tissues by 
their separation from the nervous tissues; also that the section of the 
posterior roots checked the development of those portions of them still 
attached to the spinal ganglia because the chemico-physical equilibrium 
in these processes is maintained not only by the spinal ganglion cells | 
but also by intraspinal cells with which these processes are anatomically 
continuous, 
Mott’ suggests that the nucleus of a nerve-cell produces “some bio- 
chemical or bio-physical stimulus which pervades the whole neurone 
even to its far distant prolongations,” but does not apparently suggest that 
this stimulus extends to neighbouring neurones, though he finds “in 
regressive associated atrophy of correlated structures” an anatomical 
_ proof of “the correlation of associated functionally related systems, 
groups, and communities of neurones.” 


SUMMARY. 


The lesions were made upon very young animals, 

1. (a) Section of the sciatic nerve checked the development of the 
corresponding spinal ganglia and posterior roots and of the cells in — 
Clarke’s column upon the same side, but (b) section of posterior roots 
did not check the development of the corresponding ganglia or peripheral 
afferent nerves, though it did check the development of these portions 
of the roots which were left attached to the ganglia. 

2. (a) Section of the post-ganglionic branches of the superior 
cervical ganglion checked the development not only of the ganglion 
but also of the cervical sympathetic nerve, but (6) section of the cervical — 
sympathetic nerve in no way hindered the development of the superior 
cervical ganglion, although it checked the development of me central 
end of the cervical eyenete nerve. 


1 Mott. loc. cit. p. 34, and p. 31. 
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3. (a) Section of all the posterior roots connected with a lower 
limb caused no retardation in the development of the corresponding 
anterior roots, but (6) section of the cervical sympathetic nerve hindered 


_ the development.of the small cells in the lateral hori in the upper 


thoracic region of the spinal cord, though this lesion blocked no known 
afferent path. 

_ The expenses connected with my experiments have been defrayed 
by grants received from the British Association for the Advancement of 


Science, and from the Royal Society, 
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ON THE EFFECT EXERTED ON THE COAGULABILITY 
OF THE BLOOD BY AN ADMIXTURE OF LYMPH. 
By A. E. WRIGHT, M.D., Professor of Pathology, Army 
Medical School, Netley. | 


It was pointed out by Delezenne’ in a very suggestive paper that 
the blood of fowls, currently supposed to be a highly coagulable blood, 
will, if rigorous precautions are taken to keep it from contact with the 
tissues and foreign matter generally, remain uncoagulated for prolonged 
periods; while it will clot with extreme rapidity if in drawing off it 
has come in contact with the tissues, or if failing this it is brought 
in contact in vitro with a piece of freshly extirpated muscular tissue. 
In the case of mammalian blood a similar acceleration of coagulation 
was observed. It had already been observed by Halliburton’, in 
connexion with experiments on the effect of the addition of muscle- 
juice or of fresh muscle to salt plasma, that the coagulation-time of 
this plasma was by these means considerably reduced. 
Before dealing, as I propose to do here, with the cause of this 
accelerated coagulation, I may conveniently adduce certain experiments 
which bring clearly before us the phenomenon which is in question. 
Rabbit 1. Ether. 
Approximately equal volumes of blood were allowed to flow from the 
carotid artery directly into a series of carefully cleaned test-tubes. The 
progress of coagulation in the samples of blood was tested by inclining the 
test-tubes at half-minute intervals. The interval which elapsed between the 
time of drawing off blood and the time at which tes-tubes could be inverted 
without disturbing the contents was tuken as the “ coagulation-time.” | 


First series of experiments. 


- Tube 1. Empty (to serve asacontrol) ... Coagulation-time 4 mins. 
Tube 2. Contains a loose pledget of cotton- 
wool (to serve as a further control) - » mins. 


Tube 3. Contains small piece of muscle 
(Note. Volume of muscle estimated at 1/7th 
of volume of blood.) 


x » 2 mins. 


A considerable amount of blood is now drawn off for other purposes. 


1 Archives de Phys. norm. et pathol. 1897. 2 This Journal, vit. p. 175. 1887. 
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“Secon erin of experiments (10 ming fer). 
Tube 1. Empty ... .. Coagulation-time 24 mins. 


- Tube 2. Ovitaine « loose pledget of cotton- 
‘Tube 3. Contains a piece 1 
Rabbit 2. Hither. | 
Tube 2. Contains a piece of muscle ... a » oF mins, 
Tube 3. Contains 0°75°/, NaCl extract of 
muscle (volume of extract employed 
approximately 1/T7th of blood- 
Tube 5. Empty ... ... 


Dog 1. Chloroform and Ether. Procedure exactly the same as above. 


First series of experiments. — 


Tube l. Empty... «.. ... Ooagulation-time 34 mins, 
Tube 2. Contains a of wool » of mins, 
Tube 3. COontainsa pieceof muscle ... ... 5, mins. 


-A considerable amount of blood drawn off for another purpose. 


Second series of experiments. 


Tube 1. Empty see ese Ooagulation-time 14 mins. 
Tube 2. Contains » 14 mins. 


The sconleendien of coagulation obtained by the contact of the blood 
with the tissues is manifestly a very notable one; and nothing compar- 
able to it is obtained by the mechanical effect of foreign matter 
(cotton-wool). 

Passing to enquire what is the slacken which induces the accelerated 
coagulation obtained when the blood is allowed to pass over the tissues 
of the wound or to come in contact in vitro with a piece of tissue, 
confirmation was readily obtained of the correctness of Delezenne’s 
statement that the property of accelerating coagulation is not specific 
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to muscular tissue. It was found that the accelerating influence was 
exerted, and apparently in an equal degree, by pieces of subcutaneous 
tissue, spleen, liver, kidney, lungs, and suprarenal body. 3 

Two alternative hypotheses suggest themselves. Either the coagu- 
lative element in question. is an.actual component element of each and 
every tissue, or it is something extraneous to the tissues but found in 
association with them. 

The first hypothesis wins little support from consideration of what 
actually occurs. It does not appear probable that any constituent 
element could be dissolved out of the tissues during the very fugitive 
contact of the blood with the tissues of the wound. Again, as has been 
' just stated, no indication was obtained of any difference as between 
the different tissues from the point of view of their effect in accelerating 
coagulation. 

_ The second hypothesis resolves itself into the hypothesis that the 
coagulative element is supplied by the lymph. 

That the lymph might be the active agent in the acceleration of 
the blood-coagulation was rendered probable by the work of Shore. 
Shore’, following up W ooldridge’s work on intravascular thrombosis, 
had found that the intravascular injection of lymph collected from the 
thoracic duct frequently, but not invariably produced the phenomenon 
in question. 

With a view to further investigating the effect of lymph on blood- 
coagulation, the following series of experiments were instituted. 

1. Ina first series of experiments, so far as possible equal weights 
of washed and unwashed muscular tissue were introduced into equal 
samples of blood drawn from the carotid. 

- Two typical experiments may be adduced. 


Dog. Angsthetised with ether and chloroform. 


A piece of gluteal muscle was extirpated, and was ‘dividea into four 
portions of equal weight. Two of these pieces were separately washed by 
shaking them in test-tubes half filled with normal salt solution, This operation 
was in each case repeated three times with fresh portions of normal salt 
solution. 

A cannula was then introduced 
possible equal samples of blood were filled without contact with the tissue 
into a series of small carefully cleaned test-tubes. 


Camb. Phil. Soc. vit. Pt. vis 


4 
Bry... 
Fi 
4 
i 
he 
og 
3 
¥ 
4 


COAGULATION OF BLOOD. 


Tube 1. Empty. (To serve as a control) ... Ooagulation-time 3 mins. 
Tube 2. Containsa piece of washed muscle _,, » 2 mins. 
Tube 3. — of unwashed muscle PE » Im. 30s, 


‘Tube 1. Empty . Coagulation-time 2 mins, — 


Tube 2. a of » 2 mins. 
Tube 3. Contains a piece of. unwashed muscle ‘s » lm. 30s. 


Tube 4. Empty 


Foul. experimental procedure as above.) 


Tube 1. Rewer aor . Coagulation-time about 20 mins. 
Tube 2. Contains a a Coagulation-time 6 mins, 


Second. series of experiments, 

- Tube 1. Coagulation-time 20 mins. 


ube 3. Containsa piece of unwashed muscle » 2m, 308. 


The effect of unwashed muscle is thus seen to be greater than the 
effect of washed muscle, a result which is in harmony with the assumption 
that the acceleration of coagulation obtained by contact of blood and 
tissue is due to the admixture of lymph to blood. The fact that the 
muscle still exerts after washing an accelerating influence may in all 
probability be referred to the presence of a residue of lymph in the 
muscle. 


2.. The next step which was taken was to determine the effect of 
addition of lymph to blood. 

The lymph required for this purpose was obtained in various ways. 
In the first series of experiments a supply of clear lymph was obtained 
from blisters raised in somé cases by the application of a heated glass 
rod, and in other cases by the application of blistering fluid. The 
lymph thus obtained was mixed with blood in capillary “coagulation 
tubes” of a standard calibre. The results obtained were as follows, 
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Exp. I. © Human blood (supplied by A.B.). 23. 2. 98. 
. Coagulation-time of blood flowing spontaneously from 
puncture in finger cuuenmee at the temperature of the _ 
air, 13°C.) 9 mins. 
Coagulation-time of same with its 
of perfectly clear human blister fluid soe ngceape as above 
at temperature of air) ... 


Exp. II. Human blood (supplied by X.Y.). 23. 2. 98. : 
_ Coagulation-time of unmixed blood (determined at temperature _ 


of air) ... 145 mins. 
Coagulation-time of blood with, 1 of fresh 

human blister fuid ... 2% mins. 

Exp. IIT. Human blood (supplied by BO), 9. 6. 98. 

Coagulation-time of unmixed blood... ... 5 mins. 
Coagulation-time of blood mixed with, mere of 

blister fluid .... mins, 
Coagulation-time of blood with, ra of human 


blister fluid ...... 2 mins. 


Exp. IV. Rabbit’s blood. 22. 2. 98. 
Coagulation-time of unmixed blood (determined at temperature 
‘of air) 54 mins. 
half its volume of fresh rabbit’s blister fluid ... ... 24 mins, 


‘Ina farther series of experiments, additions of pericardial fluids and 
of lymph obtained from the thoracic duct were made to the blood. The 
results of these are as follows. 


Exp. I. Dog’s blood. 8. 6. 98. 


Coagulation-time of unmixed blood from heart .. ss 6 mins. 
Coagulation-time of same blood which had siekeed an addition : 
of 1/6th its volume of human pericardial fluid ver. eee, | main, 
Coagulation-time of same blood which had received an addition ~ 
of 1/6th of its volume of lymph from this dog’s thoracic duct 3} mins. 


Exp. II’. Human blood. 8. 3. 98. : 
Ooagulation-time of blood from finger at temperature of air... 13 mins. 
Coagulation-time of same blood mixed with 1/3rd its volume 
1 Experiments 1 and 2 of this series are manifestly in harmony with the classical 
experiments of Buchanan and Alexander Schmidt, which showed that a coagulum 
is obtained by bringing in contact with each other albuminous elements isolated respec- 


tively from a t dation-plasma (hydrocele fluid) and serum. 
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Exp, III. Dog’s blood. 10. 6. 98. 


Coagulation-time of blood from carotid .... 


Coagulation-time of same blood which had received an addition 
of about 1/20th of its volume of wipes from this lea 
thoracic duct... ... min. 
Exp. IV. Dog’s blood. 15. 6. 98. | 
Coagulation-time of blood from carotid .. . 7 mins. 
Coagulation-time of same blood which had an sddition 
of a trace of lymph from this dog’s thoracic duct... ... 1} mins. 


It will be seen that an addition of lymph, from whatever source 
that lymph has been obtained, tie about a notable acceleration of 
blood-coagulation. 

There can, therefore, haidiy be any that the of 
coagulation observed when blood has come in contact with the wound, 
or when a piece of muscle is introduced into shed blood, is an ac- 
celeration due to an intermixture of lymph. © 


- The last question which may be considered is the question as a 


what is the element of the lymph which produces the ‘acceleration of 
coagulation. With a view to determining this, the influence of an 
addition of lymph serum to blood was compared with the influence 
_ exerted by an addition of freshly drawn lymph. It was found that while 
the influence of freshly drawn lymph was, as has already been shown, 
very striking, the influence of an addition of lymph serum was either 
slight or altogether insensible, This point is brought out in the 


following experiments. 

Exe. I. Human blood drawn from the finger. . | 
Coagulation-time 8m. 30s. 
Coagulation-time of the same 5 Mood mixed with 1 /Srd of its : 

volume of serum obtained from lymph which had been 
drawn off six hours previously... ... ... ©8m 308 

Exp, II. Human blood drawn from the —— | 
Coagulation-time 14m, 308, 
Same blood mixed with 1 /sra of ite Vaan of serum tein: 

lymph drawn off 5 hours previously, coagulation-time ... 8m. 45s. 
Same blood mixed with 1/3rd of its volume of lymph a 
drawn off from a blister, coagulation-time ... ... ... 2m, 408. 


The inference which we may base.on these experiments, i.e, the 
inference that the effect of the lymph is attributable to the coagulative 
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_ albuminous element which is removed by clotting, is farther confirmed 
by the result of such experiments as the following. 


Rabbit. Anmsthetised with ether. Cannula was placed in carotid. 
So far as possible equal quantities of blood drawn off vain from the artery 
into a series of test-tubes. 


Tube.1. (Control)... .. 7m. 30s 
Tube 2. Contains a 0°75 °/, Na0l atieuss of 
...boiled muscle, amounting in 


volume to 1/7th of the blood ... | a » 4 mins. 

Tube 3. Contains the same quantity 
similar extract of unboiled muscle ‘ » 2m. 45s, 

Tube 5. Coutains a similar sna of un- 

boiled muscle amounting to 1/3rd 

of the volume of the blood 
Tube 6. Contains the same wepauaadl of extract | | 

of boiled muscle » 7 mins. 


In conclusion, brief reference may be made to the fact that the 
acceleration of coagulation which results from an addition of lymph to 
blood is in point of fact constantly obtruding itself upon the attention. 
It comes under observation in a very characteristic manner in the course 
of post-mortem examinations, it being quite common to see the blood 
suddenly coagulate on issuing from the heart and mixing with the 
pericardial fluid. A similarly accelerated coagulation comes under 
observation also when we make pressure on the tissues and drive the 
lymph into a bleeding wound. We may for instance contrast the 
short coagulation-time of the mixture of blood and lymph obtained 
from a small or almost occluded puncture on the finger with the much 
longer coagulation-time, of the blood issuing spontaneously from a free 
puncture. The same phenomenon—we may conveniently speak of it 
as the phenomenon of Delezenne—comes under observation also when 
blood from a ruptured vessel exudes on to a raw surface which is 
bathed with lymph, such for instance as a weeping eczematous surface 
or the floor of an ulcer. 


CAMBRIDGE: PRINTED BY J. AND ©. F. CLAY, AT THE UNIVERSITY PRESS. 
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PHYSIOLOGICAL SOCIETY, 
Jan. 18, 1902. 


The causation of sudden death during the administration 
of chloroform. (Abstract.) By E. H. Emptey, MD. (Communicated 
by C. J. Martin.) 


From Physiological Laboratory, University of Melbourne. 


Dogs were employed throughout the investigation, on account of 
their recognised liability to death in the induction of chloroform 
anesthesia. 


Two hundred and eighty-four records were obtained from two 
hundred and ninety-eight dogs. 

Known percentages of chloroform vapor in the air sdelaianeaed 
were obtained by means of the apparatus described. : 

In the experiments which form the subject. of the present research, 
particular attention was devoted to recording changes in the circulation 
during the early period of chloroform administration, in animals which 
had not previously received chloroform. This was accomplished in two 
ways. 
(1) By performing all operative procedures necessary for studying 
the circulatory changes, under — narcosis, either alone or with 
curari. 

(2) By inserting the cannule etc. under ether anesthesia and 
eight or twelve hours after when the effects of the anwsthetic had 


passed off, connecting with the recording apparatus. The chloroform in 
these cases was administered off a cloth. 
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I. THE EFFECTS OF CHLOROFORM UPON THE HEART ISOLATED 
FROM THE CENTRAL NERVOUS SYSTEM. 


Blood-pressure tracings of the effects of chloroform upon the heart 
isolated from vagus, vaso-motor and respiratory influences were obtained 
by the method of Hering’. 

The amount of circulating blood in this method i is limited (roughly, - 
one-tenth of the total blood) and the tissues and lymph are cut out. 
The blood-pressure began to fall coincidently with the commencement 
of administration. The other tracings differ only in the steepness of 
the fall in the blood-pressure, the degree of — — upon 
the strength of the chloroform used. | 

When the air administered contained— ° 

‘8°/, chloroform vapor, blood-pressure fell to zero in 16 mins. 22 secs. 
1 2°, ” ” ” ” ” 9 45 » 
2 7 0 ” | ” 1 ” 25 ” 

The rapidity with which shee qonntitled paralysed the isolated 
heart was surprising, for, so far I have not succeeded in killing an intact 
animal by artificial inhalation under similar conditions with °8 and 2°/, 
in less time than 5—6 and 1—2 hours respectively. 

No sudden failure occurred from the action of chloroform upon the 
_ isolated heart. The fall of blood-pressure was gradual or steep according 
to the percentage of chloroform vapor in the air administered, but there 
was no abrupt variation in the rate or efficiency of the heart, such as 
occurs in an animal with an intact nervous system. . 


Conclusions ‘iain the effects of chloroform on the heart 
isolated from the central nervous system. 


(1) Chloroform has an immediate and progressively paralytic effect 
upon heart muscle. There is no preliminary period of stimulation. 
There is no abrupt change in the rate or efficiency of the heart. 

(2) Heart muscle is very sensitive to the poisonous effect of 

_ (8) In the administration of chloroform by inhalation to the intact 
animal, the vapor tension of chloroform in the blood only slowly 
reaches that of the inspired air. 


1 Pfliiger’s Arch, uxxm, 168. 
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IL .Vaaus INHIBITION AS A CAUSE OF CIRCULATORY FAILURE. 


(A) Experiments with morphinised dogs. (One hundred and 
twenty experiments were performed.) 

When air containing more than 2°/, of chloroform vapor was 
administered, slowing of the heart ensued. 

When air containing 2°5°/, was administered the heart was 
frequently arrested suddenly and completely. The heart, however, 
quickly recommenced to beat. 

When air containing 3°/, or upwards was administered, the heart 
was frequently arrested and recovery was not constant. 

In these experiments the chloroform was administered by artificial 
respiration. Respiration was always continued in fatal cases till after 
all hope of recovery was abandoned. 

This slowing or cessation of the heart beat was due to stimuli 
passing down the vagi, for— 

(a) It never occurred in animals in which the vagi had been 
previously divided. 

(b) When occurring in animals with intact vagi, it immediately 
disappeared upon section of both of them. 

I have never failed (5 cases) to occasion fatal syncope in a 
sufficiently chloroformed animal by excitation of one or both vagi by | 
the interrupted current. 

The effect of faradising the peripheral ends of the vagi furnish some 
evidence of the conditions necessary for fatal inhibition of the heart, 
viz— when the blood-pressure had been reduced to about 40 mm. 
mercury pressure. 

(B) Experiments in which no morphine was given, but in which 
the animal was prepared 8 or’ 12 hours before under ether (13 experi- 
ments were made). | 

Intermissions and standin occur quite early. Struggling always 
came as the drops occurred in the pressure, the struggling always raised 
the pressure again. These temporary inhibitions always passed as 
angsthesia came on. 

Whether the inhibition was in this case brought about reflexly eas 
the respiratory surfaces I am unable to say, but it is very probable. 
Such inhibition, however, which amounted to the dropping of from one 
to three or four heart beats at a time, never i or any approach to 
fatal inhibition. 
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In those experiments in which a rapid fall in blood-pressure was 
occasioned by pressing the anzsthetic, inhibition frequently occurred 
_ when the blood-pressure fell to 40—50 mm., and was generally fatal. 


SUMMARY OF CONCLUSIONS OF THE EFFECT OF CHLOROFORM 
UPON THE CARDIO-INHIBITORY MECHANISM. 


(1) Chloroform raises the excitability of the vagus mechanism 
particularly in the early part of the administration. 

(2) The increased excitability of the vagus mechanism is hen. to 
the action of chloroform on the vagus roots, and the inhibitory action is _ 
more intense from being exercised upon a heart whose spontaneous | 
excitability is diminished by the action of chloroform upon it. 

(3) Chloroform administered to morphinised dogs in air containing 
not more than 1°5°/, of the vapour, after a period of mild excitation, 
slowly depresses vagus excitability. The excitability may again be 
- raised with more or less readiness according to the duration of the 
administration and the endurance of the vagi, by increasing the per- 
centage strength of the chloroform, or by asphyxia. | 

(4) Section of the vagi or atropinization in dogs, absolutely 
abolishes sudden heart arrest from chloroform. The heart under such 
conditions fails scp with rapid pulse and diminishing contraction 
volume. 

- (5) The danger of vagus inhibition of the heart lies chiefly in the 
earlier period of the administration, before the initial increased excita- 
bility of the vagus mechanism has been succeeded by diminution. 

(6) Vagus inhibition is, in dogs, the great factor in the causation 
of sudden death from chloroform. 


Conclusions in respect to the cause. of respiratory failure 
and the relations of respiration to circulation. 


(1) Failure of respiration is mainly due to fall of Si dicemome:/ ) 
With a good blood-pressure, failure of respiration by inhalation of 
chloroform is practically impossible. 
} (2) Restoration of failed respiration is dependent upon restoration 

of blood-pressure. : 
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On a new method of observing peptic activity. By E. I. 
Spriaas, Gull Research Student of Guy's Hospital. 


_ In view of the want of a simple method of observing or estimating 
the progress of digestion in a fluid, Prof. Kossel of Heidelberg 
suggested to the writer that an investigation of the viscosity of a 
proteid solution containing pepsin might prove of interest. 

Experiments, an account of which will shortly be published, were 
accordingly made in his laboratory with this object. 

A simple Ostwald’s viscometer’ was used; the fluid was driven 
through the capillary tube at a pressure of 450 mm. of benzol, the 
whole viscometer being kept at body temperature in a water-bath 
provided with a thermostat*. The same fluid was then sucked back 
into the reservoir ready for the next observation. The time of flow 
through the capillary tube gave a measure of the viscosity. 

It was found that the viscosity of a proteid solution in the presence 
of pepsin and ‘4°/, HCI falls rapidly. A fall also occurs in the absence of 
pepsin through the action of HCl, but it is a much slower one. In both 
cases the viscosity fall is accompanied by.a diminution of the quantity 
of coagulable proteid present, the term coagulable proteid being used to 
designate the proteid which is removed from the solution by neutral- 
ising, faintly acidifying with acetic acid, boiling and filtering. 

A proteid solution obtained by treating muscle with °4°/, HCl was 
chiefly employed, owing to the ease with which a fluid of = high 
viscosity could be obtained. 

If the change of viscosity be expressed by means of a a it is 


1 Ostwald, Phys. Chem. Messungen, 

? The arrangement of the apparatus was similar to that used by Hirsch and Beck 
for determining the viscosity 1 blood. Vide Minch. Med. Wochenschr. 1900, 
8. 1685, 
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seen that it is exceedingly rapid at first, then slower, and finally 
becomes insignificant; at this time, when the viscosity approaches 
constancy, most of the coagulable proteid present has been converted 
_ Into a noncoagulable form. 

If samples of the same solution are treated with varying proportions 
of pepsin under the same conditions, curves are obtained giving a 
series of representations of the relative activity of the pepsin solutions 
employed. If a portion be taken from each solution when it has 
reached a definite viscosity, it is found that each contains the same 
proportion of coagulable and noncoagulable proteid. Hence the method 
offers a means of determining i in a series of digests the time at which 
the chemical change in each has reached the same point. 


The full consideration of the numerical relations observed can be 


profitably deferred until further experiments have been made; it may, 
however, be stated that in such a series of curves indications can be 
obtained of a simple ratio between the proportion of pepsin and the 
time it requires to produce a given amount of chemical change. The 
curves are also capable of mathematical treatment. | 

Some experiments have been made with other ferments. 


PROCEEDINGS 


OF THE 


PHYSIOLOGICAL SOCIETY, 
March. 1, 1902. 
_ On the structure and functions of the hemolymph organs. 
By Tuomas Lewis, (Preliminary Communication.) 
From the Physiological Laboratory, Cardiff. | | 
(1) Hemolymph glands are conveniently subdivided into three 
chief classes', according to the character of the fluid spaces found within 


them. The first, which may be termed “ Ha@mal glands,” are charac- 
terized by the fact that the sinuses contain blood only. The second 


several types ; all intermediate forms exist. — 
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have sinuses which are filled with a mixture of blood and lymph, and 
may be called “ Hamal lymphatic ” ; while the third class is comprised 
by ordinary lymphatic glands, 1 in which the ‘sinuses for - most part 
are filled with lymph. 

(2) The distribution of hamal and hemal is far 
wider than has so far been recognized. I have found the glands in all 
Mammalia so far examined. The list includes, man, monkey, ox, 
sheep, horse, pig, dog, cat, ferret, weasel, stoat, rabbit, squirrel, rat, 
mouse, bat, water vole and mole. Comparable structures are met with 
amongst fishes, in the form of head kidneys. It would appear that 
in carnivora hemal lymphatic glands alone exist, while 
hemal glands are restricted to the primates, ungulata and 
rodentia. 

(3) The minute structure of a hemal gland resembles that of an 
ordinary lymphatic, consisting essentially of three elements. A strong 
fibrous capsule with its numerous trabecular processes, gradually 
breaking up into the finely divided network or reticulum, masses of 

adenoid tissue, and lastly large intercommunicating blood sinuses. 
| (4) Those strands of reticulum, which traverse the sinuses, are 
lined on all aspects by endothelium, which may be demon- 
strated to have direct continuity with the typical endo- 
thelium lining the sinuses, and also that of the blood 
vessels, entering and leaving the sinus. . 

(5) In regard to the arrangement of these blood vessels in the rat, 
whereas many large arteries open directly into the sinuses, 
the veins do not pass directly from the sinus, but the blood is 
collected by small capillaries, which run together in the lymphoid tissue 
to form the larger venous channels. 

(6) The nervous supply is derived from the sympathetic; stisuletide 
of the nerves or the gland itself causes slight but definite paling of the 


organ. 

(7) The lymphatic supply of hemal glands is small, but 
of heamal lymphatic glands large; and injections, in the 
case of the latter, indicate that both lymphatic ducts and 
blood vessels communicate with the sinuses, which are con- 
sequently filled with a mixture of blood and lymph. 

(8) Hemolymph glands have several functions. Of these the most: 
obvious is the elaboration of white cells, which takes place in the 
lymphoid tissue, and is indicated by the appearances of abundant 
karyokinetic division, often leading to the formation of a clearly 
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defined germ centre. Another undoubted function’ is the destruction — 
of erythrocytes, taking place through the medium of certain giant 
cells, or phagocytes. 

Phagocytes probably arise as detached endothelial cells, 
and may arise from any part of the endothelium lining the 
reticulum or sinus’. 

The process of phagocytosis oiilita in the taking up of from 1 to 20 
erythrocytes by a phagocyte, probably after the manner of an amoeba in 
feeding, and in the breaking down of these cells into globules of aaa 
yellow pigment. 

As a result: of chemical tests, particularly Gmelin’s, and the re- 
semblance of the golden yellow pigment to that found after subcutaneous 
injections of blood in the horse, I am led to the belief that the golden 
yellow pigment is closely allied to, if not identical with, bilirubin. 

Signs are not wanting that the process of phagocytosis is present in 
the majority if not all these glands, and is identical in the inter- 
mediate structures with that progressing in the spleen. 

A third function* may be attributed to hemolymph glands, 
namely the destruction of white cells. Leucocytes or their 
remains have been frequently observed in the interior of phagocytes. 

(9) It is desirable to emphasize the intimate relationship existing 
between the different members of the hemolymph series. There is a 
complete series of organs from spleen to lymphatic gland. 
In the spleen the adenoid tissue is scanty and is represented by the 
Malpighian corpuscles. The spleen pulp is nothing more than 
a large sinus, crossed by a very dense reticulum, lined on all sides by 
endothelium ; this endothelium is often well seen surrounding the 
Malpighian corpuscles. The spleen sinus has free communication with 
blood vessels, and is consequently filled with blood. 

On this account the spleen may be termed a hemal gland. From 
the highest to the lowest member of the series, there is a diminution 
in the size of the sinus, and an increase of lymphoid tissue, _ The loss in 
width of the sinus is accompanied by a loss in density of the supporting 
reticulum. As one descends the series there is a gradual —7 for 
the blood sinuses to be replaced by lymph sinuses. | 


1 Cp. Vincent and Harrison. Journ. of Anat. and Phys. 1897. | 
2 It is also not impossible that they may arise as enlarged leucocytes, 
_ * Cp. Schiimacher. Archiv. f. Mikr. Anat. 1897. 
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Arcus Senilis. By J. Herpert Parsons. 


Arcus senilis has been considered due to fatty degeneration (Canton, 
His, Takayasu) and hyaline degeneration (Fuchs). Leber demon- 
strated calcareous material in one case. 

Sections of formol hardened material, cut by the freeing microtome, 
showed the following reactions : 

(1) Unstained,—minute highly refractile globules are seen through- 
out the substantia propria in the affected area. 

(2) With Sudan III or Scharlach R the globules are stained red. 
Bowman’s membrane is deeply stained, its outer limit forming the 
sharply defined peripheral edge of the arcus. The stain fades off 
gradually towards the centre of the cornea in Bowman’s membrane. In 
the substantia propria, the globules vary in size and are within the 
lamell~. They are also to be seen in the corneal corpuscles in 
tangential sections. 

When the arcus is well developed, the deeper lamelle are also 
affected, gradually becoming more peripheral and invading parts beyond 
the limit of Bowman’s membrane. This occurs in the comparatively 
transparent rim of cornea, peripheral to: the sharp edge of the arcus 
as observed clinically. 

The stain is particularly dense upon the surface of Descemet’s 
membrane, which, however, is not itself affected. 

The cornea peripheral to the limit of Bowman’s membrane is slightly 
thinned, a condition which is greatly exaggerated in rare cases of 
Peripheral Sclerosis (Randsclerose, Fuchs). 

(3) Sudan III or Scharlach R may be used as indicators for the 
solubility of the globules. They are insoluble in water, alcohol up to 
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70°/,, formol, acetic acid, etc. They are soluble in absolute alcohol, 
ether, chloroform, xylol, etc. Hence the arcus is not seen in celloidin 
or paraffin sections. | 

(4) The globules are not stained by 2°/, osmic acid, Marchi’s 
solution, Flemming’s solution, Hermann’s solution, even after prolonged 
treatment. They are apparently rendered more refractile (a fact which 
has probably led Takayasu to state that they stain with osmic acid 
‘with difficulty’), but no true reduction takes place, and they are 
entirely and quickly removed by subsequent treatment with ether. 

(5) The globules stain by the Bolton-Weigert method, but also 
disappear on subsequent treatment. with ether. | 

(6) They stain yellow with Lugol’s Iodine solution, and show no 
trace of amyloid reaction. 

(7) If sections are placed upon a slide in 70°/, alcohol and a small 
piece of metallic sodium is added, the globules disappear, probably by 
saponification. 

(8) They do not contain phosphorus, as shown by Macallum’s. 
process. Thus, after treatment for 24 hrs. with ammonium molybdate 
in an incubator, then successively with phenyl hydrazin, water, Sudan 
III, 70°/, alcohol, water, glycerin, the arcus still stains red, and the 
distribution of phosphorus in other parts of the section is well 
demonstrated. 

The globules are, therefore, probably of a fatty nature. The 
reaction of fats to both osmic acid and Sudan III is ascribed to 


members of the acrylic series. In this case the ne reaction fails, 
whilst the latter succeeds. 
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‘A method of measuring a visual illusion. By Horace 
DaRWIN and W. H. R. Rivers. 


The instrument we show is designed for the quantitative study of the 
illusion which depends on erroneous estimation of the lengths of vertical _ 
and horizontal lines when compared with one another. The simplest 
form of the illusion is that in which the lines to be compared form the 
two sides of a right angle. 

? The instrument consists of a thin board 250 mm. square covered 

on one side by black cloth. Three small holes are bored through the 
board and are at the angles of a right-angled triangle with two equal sides. 
Two pieces of thread pass through the holes and form the two equal 
sides. The two ends of each piece of thread are connected at the back 
of the board by two short spiral springs and a small cylindrical piece’ 
which forms a handle. The springs keep the threads tight, and if the 
handle is moved the thread is moved and different parts of it can be 
made to appear in the front of the board. Part of each thread is 
white and part is black; when the handle i8 moved the point on the 
thread where the white begins and the black ends also moves, 

The appearance of the front of the board is a black ground with 
two white lines at right angles to each other on it ; the length of each of 
these lines can be varied at will. The black part of the thread is nearly 
invisible when lying on the black cloth. The length of the white part 
of each thread is measured by the graduations on the bevel edge of a 
wooden scale. This forms a separate piece and is made like a very small 
T drawing-square; when applied to the board it at once comes into the 
right position with the zero of the scale opposite the end of the white 
line and with the edge parallel and almost touching the thread. 

The illusion is measured by making one of the lines of a given 
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length, say 100 mm., then adjusting the length of the other line by 
means of the handle at the back till the two white lines appear equal 
to the eye, and measuring the length of the comparison line with the 
graduated scale. 

In addition to its simplicity, the instrument has the advantages that 
either the horizontal or the vertical line may be used as the standard ; 
that varying lengths of the standard line may be used and that the 
threads are adjusted in such a way that no indication is given by the 
adjusting movement which can influence the process of visual comparison. 

The error of reading is small compared with the extent of the 
illusion. 

_ The principle of the method can readily be applied to the measure- 
ment of other visual illusions. 


_ On the rhythm of muscular tremor due to drying of the 
nerve. By Dr Fraser Harris. 


I desire to record the time-relations of the irregular tremor produced 
in a muscle by the partial drying of its motor nerve. Muscle observed 
was frog’s gastrocnemius isolated on crank-myograph and “ after-loaded” — 
with 5grms. On merely tapping the nerve lightly with the back of a 
scalpel, the muscle went into complete tetanus, lasting in one case for 
27 seconds, and thereafter began to exhibit the quivering with a rhythm 
of from 1 to 2'2 per second, There is no question here of the tremor 
being one compounded with that of any antagonistic muscle. In a 
sense, the tremor is a fatigue phenomenon supervening on a period of 
relatively greater freshness of the myoplasm. 


following lesions of the in monkeys. 
By J. Herbert Parsons. 


The operations were performed upon six ssndaaae A Graefe’s 
cataract knife was introduced into the eye about 4mm. behind the 
corneo-scleral margin, at either the nasal or temporal side, thus avoid- 
ing injury to the ciliary body, and minimising injury to the retina. It 
was passed across the eye through the vitreous to the opposite side and 
the retina wounded there to the required extent, the position of the 
point of the knife being in some cases observed by the ophthalmoscope 
(direct method). In other cases, the wound was made without ophthal- 
moscopic examination, the slight resistance encountered being sufficient ~ 
to show that the retina had been reached. The exact position of the 


2 
og 
+ 
» 
* 
a 
| 
| 
> | 
a 
| 
a 
4 


SOCIETY, MAY 10, 1902. a 


wound was determined subsequently by ophthalmosoopic examination, 
and by suitable section of the eye post mortem. The microscopic 
examination of the wounds will be detailed elsewhere. © 

The lesions varied in extent and direction, but were mostly small 
(1 to 3mm. long), usually transverse to the general direction of the 
nerve-fibres. They were situated: I, in the R, nasal lower quadrant ; 
II and ITI, in the L. temporal lower quadrant ; IV, in the R. temporal 
quadrants; V, between the disc and the macula, but at a slightly 
lower level; VI, just below and outside the macula. 

The siistiade were killed from a fortnight to three weeks after the 
injury. Great care was taken to preserve the normal position of the 
optic nerves. The degenerations were examined by the Busch- Marchi 
method. 

The following general statements may be made: 

(1) The degenerated fibres in the main retain the same position 
along the whole course of the nerve, 1.e., the nasal fibres keep to the 
inner side of the nerve and the temporal to the outer side. There are 
usually some outlying fibres degenerated. 

(2) There are invariably some degenerated fibres in the optic nerve 
of the opposite side. These vary in number pari passu with the extent 
of the lesion, and are absent in control preparations. This result, which 
is difficult to explain, confirms the previous experiments of Usher and 
Dean on the rabbit by the ordinary Marchi method. These fibres 
occupy the homonymous side of the opposite nerve, a fact which is against 


__ their being distributed to physiologically corresponding parts of the 


opposite retina. 

(3) The fibres from the macular region pass from the temporal side 
of the nerve anteriorly, towards the centre as they pass back. 

(4) In all cases there has been degeneration in both optic tracts, 
The degeneration in the opposite tract in temporal lesions is slight but 
definite. As far as the method 1 is capable of showing, it consists of very 
fine fibres. 

(5) The fibres spread out as they pass hace in the tracts, and are 
’ distributed over their whole area posteriorly. Most go to the external . 
geniculate body, some to the optic thalamus, and a few to the superior 
corpus quadrigeminum, 

(6) In VI there was distinct degeneration amongst the fibres of 
the IlIrd nerve. 

It may be stated that other parts of the brains of these monkeys 


showed no evidences of degeneration when i aie by the same 
method. 
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On the Ruffling of Feathers in the Bird. sects Note.) 
By J. N. LANGLEY. © 


In a former Note (Pro. Physiol. Soc. Jan. 1902, p. xxxv, this 
Journal, xxv.) I pointed out that the depression of the contour 
feathers over the whole of the body could be brought about in the bird 
by the sympathetic system; such depression had already been found 
in the neck and head by Jegorow. I mentioned that occasionally 
stimulation of the cervical sympathetic in the pigeon caused erection _ 
of feathers instead of depression. Since the erection or ruffling of 
feathers appears to be a voluntary action—the bird often keeping the 
feathers erect as long as is required for preening—the ruffling has been 
usually considered to be caused by the striated cutaneous muscles, 
which commonly form a double layer closely attached to the skin. _ 
Although the striated muscles may cause certain movements of the 
feathers, I find that the erection like the depression is brought about 
by sympathetic nerve-fibres. The sympathetic penna-erector fibres 
have the same origin and course as the penna-depressor fibres. The 
erection is more easily obtained from the spinal cord than from the 
peripheral nerves, and so far as I have seen more easily in the fowl 
than in the pigeon. 

After section of the cervical cord in the anwsthetised animal, there 
is often rhythmic erection and depression of the feathers; moreover 
the feathers on the neck may rise, whilst those on the body move closer 
to the skin, or those on the body may rise whilst those on the neck are 
depressed. Similar effects may be produced by stimulating the spinal 
cord. Post-mortem erection of feathers, as well as post-mortem de- 
pression, occurs in the fowl, and here again there may be erection 
of feathers on the neck and depression on the body. Administration of 
curari in addition to anesthetics does not essentially alter the results. 

The feathers have two sets of muscles, erectors and depressors, the 
number and arrangement of these varies, there may be-as many as 
sixteen muscular attachments to a single feather; the muscles run for 
the most part obliquely from one feather near its point of exit from — 
the skin to the deeper part or to the papilla end of an adjoining feather. 


The thoracic vagus ganglion of the bird. By J. N. Lanaey. 


Section of the vagus nerve in the neck causes degeneration of 
nerve-fibres both above and below the point of section. The nerve-fibres 
£ 
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which degenerate peripherally can be followed into the branches of 
the nerve below the thoracic ganglion, chiefly to the branch which runs 
to the cesophagus and abdominal viscera. The fibres which degenerate 
centrally of the place of section, are, we may conclude, afferent fibres 
heving their trophic centre in the thoracic ganglion of the vagus. This 
ganglion is then homologous, in part at least, with a spinal ganglion. 
Stimulation of the central cut end of the vagus, in deep anesthesia, 
causes inhibition of respiration, and primary inhibition followed by — 
contraction of the csophagus, so that some fibres from the jugular 
‘ganglion pass down the trunk of the vagus; they do not all —_ it in 
the upper part of the neck. 


Effect on the pupil of excision of the ciliary ganglion. 
(Preliminary Note.) By H. K. ANDERSON. 


The following are the chief observations which I have made so far. _ 

After excision of the left ciliary ganglion and section of the right 
IlIrd nerve proximally of the ganglion in a kitten, the two pupils 
were equally dilated until, 8 days later, regeneration occurred on the 
right side. The r. pupil also continued to be widely dilated in a cat 
88 days after division of the r. short ciliary nerves. In these obser- 
vations, therefore, there was no evidence that the denervated sphincter 
possessed greater tone than the control sphincter even in very dim 
light or after section of the preganglionic pupillo-constrictor tract 
on the control side. 

Under certain: conditions, however, the pupil on the side of the 
excision was the smaller, ¢g. in the second experiment mentioned 
above the r. pupil was smaller in dim light than the left after the 
local application of eserine to both eyes in equal quantity; and 
18 days later the r. pupil was the smaller after the death of the cat. 

In another cat the |. pupil immediately after the excision of the 
|. ciliary ganglion was very widely dilated, but next day the |. pupil 
had become slightly smaller, and in dim light was smaller than the 
right if the cat became restless under observation: upon the same day 
after the administration of ether and section of both cervical 
sympathetic nerves the |. pupil became a slit, though the right 
pupil was almost maximally dilated, and for 48 hours after death the 
]. pupil remained much smaller than the right. The 1. pupillo- 
dilatator tract was shown to be intact in this experiment se stimulation 
of the 1, sympathetic nerve. 
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In other observations also made 2 and 318 days after denervation 
of the sphincter on one side: the pupil on the side of the lesion was 
the smaller after the death of the animal, though previously it had 
been the larger since the denervation. 


My observations, therefore, suggest that the paradoxical pupillo- 


constriction seen after excision of the ciliary ganglion is due to 
increased excitability of the denervated sphincter, the exciting stimuli 
in the observations given above being alterations in the blood supply, 
eserine, and probably ether itself. 

The operations. were aseptically performed upon anesthetised 
animals; no trophic changes occurred in the eyeball. 


te 
? 
| 
Om 
a 
i 
/ 
la 
| 
~ 
a 
td 


PROCEEDINGS 


OF THE 


PHYSIOLOGICAL SOCIETY, - 
July 5, 1902. 


A method of equalising the ‘‘strength” of make- and 
break-induction-shocks. By F. S. Locke. 


So early as 1841 Joseph Henry found that if the resistance 
in the primary circuit of an induction-apparatus was raised (this he 
effected without diminution of current-strength by placing in it a 
sufficient number of cells in series) the make-shock became stronger 
in its stimulating power than the, break-shock. That the make-effect 
became under these circumstances more than equal to the break- 
effect was due to the falling off through polarisation of the strength 
of the primary current during closure, an effect to be feared even 
when so-called constant elements are’ used’. The inconstant factor 
thus introduced together with the inconveniently large number of 
cells necessary when fairly strong shocks are required, is probably 
the reason why it has never been attempted to systematically utilise 
this method of equalising make- and break-effects. It becomes however 
free from these defects if the high voltage continuous street-current 
reduced by a lamp-resistance be used to supply the small primary 
current required for physiological purposes, and is then found to give 
remarkably good results, even in the case of tetanisation effected with . 
the ordinary Neef’s hammer. This to the best of my knowledge has 
not been pointed out in spite of the frequency with which induction- 
coils are now thus worked. The method of testing the equality of 


_- 1 See E. du Bois-Reymond. Monatsber. der Berliner Akad. 1862. p. 874 (Ges. Abh. 
I. p. 230). 
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make- and break-effects used was the highly delicate one based on the 
difference in excitability of a frog’s leg-preparation to currents in 
opposite directions when the stimulating electrodes (8 to 4 mm. apart) 
are placed on the nerve close to a fresh “cross-section.” This was 
usually made by ligature. In this case descending shocks excite 


much more strongly than ascending ones’, the result being that — 


under tetanisation' by means of an ordinary sledge-inductorium, with 
iron core and Neef’s hammer, supplied say with one Leclanché cell, 
the threshold’ of excitation when the as yet only effective stronger 
break-shocks are descending may lie at more than 40cm. on the 
scale, while the threshold with ascending break-shocks may lie at 
less than 30 cm., the difference being about 15cm. When the same 
inductorium is driven by an E.M.F. of 100 volts through an 8 candle- 
power glow-lamp the difference on the scale between the two positions 
of the thresholds (these lying between 30 and 40 cm.) in the two 
cases is found to be only 0—0°6 cm. 


The difference is usually in favour of the break-shock, but this is not always 


the case, the opposite being sometimes met with, more particularly when a stronger — 


current is used by substitution of a 16 c.p. for the 8 c.p. lamp. It would seem, as 
might be expected, that the manner of working of the contact-breaker is the variable 
factor at work, equality of make- and break-effects, or preponderance of the make-, 
being often brought about, without anything else being altered, by screwing the 
adjustable contact further home. 

The Helmholtz modification is by no means so effective. With the 
inductorium above referred to equipped with it, but with the iron core 
not removed, the thresholds in the two cases were about 5 cm. apart, 
both lying between 10 and 20 cm. Bernstein’s modification (a shunt 
of low resistance to the primary coil) gave a slightly better result, 
a single Leclanché cell alone being used, and the iron core not re- 
moved. If the street-current and 8 candle-power lamp were used 
with it a very much better result, as would be expected, was obtained, 
the thresholds in the two cases being only — em. apart, lying 
between 15 and 20 cm. 


The great advantages of the roresieerne mode of application of 


1 See P. Griitzner and P, Moschner. Arch. f. d. ges. Physiol 130, 1882, 
and E. Hering, Sitzb. d, Wiener Akad. uxxxv (3), p, 237, 1882. 

2 I have not had at my disposal an inductorium graduated in relative ininasal current- 
strengths. In the one used by me the length of the primary and secondary coils was 
92cm, The zero of the scale corresponded to the secondary being pushed quite over the 


primary coil. Only preparations from uncooled summer-frogs have hitherto been made 
use of. The electrodes were of platinum. 
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Henry’s method are its ease when the continuous street-current is 
available, and that, as is often required particularly for the stimulation 
of muscle, the strength of shock obtainable is not diminished. It does 
not of course annul the danger of unipolar current-escape as do 
Helmholtz’s and Bernstein’s modifications, for instead of the break- 


_ shock, as with these, becoming assimilated in character to the make- 


shock, the reverse is the case. The break-shock itself however is not 
unaffected, but is prolonged in duration, as is shown by the fact that 
a series of break-shocks of increasing strength can be made to give a 


_ ‘Gap’ by the imtroduction of sufficient resistance into the primary 


circuit. 


On the physiological action of extracts of nervous, muscular 
and other animal tissues. (Preliminary Communication.) By 
SwaLe VINCENT and WILLIAM SHEEN. 


(From the Physiological Laboratory, University College, Cardiff.) 
Nervous tissues. In April 1900 Osborne and Vincent described 


the physiological effects of extracts of nervous tissues*, They found 


that the extracts prepared by them produced a fall in blood-pressure 
which eould not be due to the presence of cholin, since, after the 
injection of atropine, the animal experimented upon reacted differently 
to cholin on the one hand and nervous tissue extracts on the other: 
cholin always produced a rise, while | nervous tissue extracts always 
produced a fall. 

Halliburton® on the contrary considered that the depressor aflecta 
might reasonably be attributed to cholin in the extracts. His experi- 
mental results differed from those of Osborne and Vincent in that 
after atropine both cholin and nervous tissue extracts produced no fall 
of blood-pressure but, if anything, a rise. Our results entirely cor- 
roborate those obtained by Osborne and Vincent, viz that, whereas 
before the administration of atropine both cholin and nervous 
tissue extracts produce a fall of blood-pressure, after its 
administration in large doses cholin produces a marked rise, 
while nervous tissue extracts produce a marked fall. This 


1 See F, 8. Locke. Proc. Physiol. Soc. p. xxxix. 1901. (This Journal, vol. xxv1.) 

2 Journ. of Physiol. xxv. p. 283. 1900. 
~ 8 Journ. of Physiol. xxv1..p. 229. 1901. Preliminary communications on the same 
subject had however appeared both by Osborne and Vineent and by sihiceltedeter le 
the Proc. Physiol. Soc. Feb. 17, 1899. 
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fall produced by nervous tissue extracts after full doses of atropine has 
uniformly occurred in 23 successive experiments. 

We have further found that the active substance can be extracted 
by alcohol. We have treated fresh nervous tissue with absolute alcohol, 
evaporated to dryness and taken up with normal saline. The depressor 
effects of the resulting solution are very marked. Ether, on the 
contrary, does not extract the depressor substance (vide infra, Muscular 
tissues). 

Muscular tissues, A depressor substance is also present in muscular 
tissues. Our results with regard to it may be stated as follows :— 

1. Extracts of muscular tissues, striped, cardiac and unstriped, 
produce when injected into the circulation a distinct temporary fall of 
blood-pressure. This fall is usually not so marked as that which occurs 
on the injection of nervous tissue extracts. 

2. This fall occurs after doses of atropine sufficient to completely 
abolish vagus action. 

8. The depressor substance is contained in extracts made with 
boiling normal saline solution (Saline Decoction), 0°9°/,. | 

4. The depressor substance is also contained in extracts made with — 
alcohol. These are evaporated to dryness and the residue taken up 
with normal saline’, 

5. The depressor substance is not extracted by ether from the fresh 
moist tissues* (cf. Nervous tissues). 

6. As for the mode of action of the extracts, the conclusions cannot 
at present be stated quite so definitely as in the case of nervous tissue 
extracts, Osborne and Vincent found® that the lowering of blood- 
pressure, by nervous tissue extracts is brought about by dilatation of — 
arterioles throughout the body. The vascular dilatation in the 
splanchnic area is so immediate and so pronounced as to withhold blood 
from the more distant hind limb, thus causing in the latter a temporary — 
constriction : a little later the limb also participates in the dilatation. 

In the case- of muscle extracts, speaking generally, the present 
writers observed dilatation of both intestine and. limb, In one 
experiment, in which unstriped muscle was used, there was constriction 
of both limb and intestine: in another, where the intestine was dilated, 


1 The possible effects of the moisture of the tissues in aiding the extraction by alcohol 
has not so far been investigated in our experiments. 


| * Whether the substance extracted by alcohol is soluble in ether has not been tested. 
loc. cit. 
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the limb was in an opposite phase. We are conducting further 
investigations upon these points. 

Other tissues. We have made saline decoctions of the following 
tissues :—testis, kidney, spleen, pancreas, liver, mucous membrane of 
stomach and intestine, lung and mammary gland. Speaking generally, 
these all produce a fall of blood-pressure when injected into the 
circulation : but certain tissué extracts, especially kidney, give complex 
results the explanation of which we are not at present prepared to enter 
upon. We have nothing new to add to previous observations on the 
effects of suprarenal and pituitary extracts’. 

It will thus be seen that nervous, muscular, glandular and other 
tissue extracts produce a fall of blood-pressure when injected into the 
circulation. Whether or not the depressor substance or substances are 
identical in these different extracts we are not yet prepared to state. 


Some observations on the temperature of the monkey. 
(Prelimimary note.) By SUTHERLAND. SIMPSON. 


(From the Physiological Laboratory, University of Edinburgh.) 


During the last two years I have made upwards of 1000 observa- 
tions on the temperatures of 26 normal monkeys (Macacus rhesus). 
Only docile animals which would submit to the operation without 
much struggling were employed. An accurate one-half minute ther- 

mometer (Kew certificated) was used, and it was retained in position 
24 minutes. In the rectum it was introduced about 14 inches, well 
within the internal sphincter, and to the same depth in each case 
as indicated by a mark on the stem. In the axilla the bulb of the 
thermometer was pushed up as far as possible into the apex, the stem 
lying parallel with the upper arm, which was then held gently against 
the side of the animal, thus converting the axilla into a practically 
closed cavity. The monkeys were kept in a large wire-cage 12 feet 
long, 15 feet high, and 5 feet wide, and were allowed to roam about 
freely, but half-an-hour before the readings were taken they were | 
caught and placed in a small cage in order to eliminate the effect of 
muscular exercise on the temperature. The room was well ventilated 
and kept night and day at a temperature of 75° to 80° F. 

1 Suprarenal medulla and the infundibular portion of the pituitary body appear to be 
the only animal tissues which yield a pressor substance. The latter contains also a 
depressor substance, probably of the same nature as that contained in nervous tissues 
generally, 
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The observations were made for the most part between 5 and 6 p.m., 
a few between 2 and 3 p.m. and 9 and 10 a.m. respectively. In three 
cases the temperatures were taken at intervals of about 4 hours from 
9 a.m. till midnight, and in other three cases at intervals of from 1 to 3 
hours during the whole twenty-four, one animal being kept — 
continuous observation for a week. | 

The following are the conclusions arrived at :— 

1. Muscular exercise in the monkey raises the temperature ciahts 
and very considerably. A chase of half-an-hour will cause the rectal 
temperature to rise from 3° to 4° F., hence the necessity for selecting 
quiet animals. 

2. The temperature of the axilla is almost always higher than 
that of the rectum, there being sometimes as much as 1° F. of difference. 
This was observed about 1818 by John Davy’ in Simia aygula in 
Ceylon. In the single case which he records he found the rectal 
temperature 103°5° F., and that of the axilla 104°5° F. Richet* discards 
this observation as unreliable, probably for no other reason than that 
the temperature of the axilla was found to be — than that of 
the rectum, 

3. There is a very distinct and constant diurnal variation with a 
much wider range than in man. The maximum is attained between 
6 and 8 p.m., and the minimum between 2 and 4am. To take one 
typical example, the highest rectal temperature (102°1°F.) for the 
24 hours was noted at 7 p.m., and the lowest (96°7°F.) at 3 am., this 
giving a range of 54°F, Hale White and Washbourn® found the maxi- 
mum (104° F.) at 11.30 a.m., and the minimum (98°4° F.) at 11.15 p.m. 
(They made no observations between midnight and 8.30 a.m.) 

4. On account of the fact that there is such a marked diurnal 
variation the mean temperature will vary considerably according to the 
period of the day at which the observations are made, and it has 
probably been stated too high by most observers. Hale White and 
Washbourn‘ give the mean rectal temperatureaas 101°‘1°F., Couty* 
100°58° Aruch*® 100°94° F., Lefévre’ 101°3° F., and Richet*® 101° F. 


1 Researches, 1. p. 181. 
® Dictionnaire de Physiologie, 111. p. 90. 
_ § Journ, Anat. and Physiol. xxv. p. 879. 
4 Loc. cit. 
5 Richet’s Dictionnaire de Physiologie, m1. p. 90. 
© Clin. Veterin. Milano (2) 1. pp. 6, 7. 
7 Compt. Rend. de la Soc. de Biol. (10) 1. p. 697. 
Loe, cit. 
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In 165 observations which I have made on 23 animals between 

5 and 6 p.m. the average rectal temperature was 101°7°F.; in 16 

observations on 10 animals between 2 and 3 p.m. it was 101°1° F.; and in 

35 observations on 18 animals between 9 and 10 a.m. it was 100°3° F.; 

__ while the average rectal temperature for the 24 hours in three animals 
which were under observation for 11 days altogether was only 99°8°F. 

- On 106 occasions in 18 animals the rectal and axillary temperatures 

were taken at the same time (between 5 and 6 p.m.); the average rectal 

temperature was 101°7° F. and that of the axilla 102° F.—a difference 

of 0°3° F. 


Some new properties of Urea. By W. Ramspen. (Prelimi- 
nary note.) 


Limbourg’s statement that a saturated solution of urea dissolves 
fibrin; Léwit’s use of urea in preparing artificial blood-platelets from 
serum-globulin; Noel Paton’s description of a crystalline proteid 

 (serum-globulin or hetero-albumose) from human urine, and the diffi- 
culties I experienced in obtaining mechanical coagula from albuminous 
urine constitute four observations which, taken altogether, led me to 
suspect that urea must have some potent influence upon proteids. 
Experiment shows that this is the case. The presence of urea up to 
saturation prevents the coagulation by heat of all proteid solutions 
examined. Globulins, caseinogen, acid- and alkali-albumin, copper 4 
albuminate, fibrin, and even heat-coagulated proteids swell up and ’ 
dissolve in a saturated aqueous solution of pure urea. q 

Dry gelatin is dissolved at room temperature until 40°/, is in solu- 
tion. If the urea is removed by dialysis the gelatin sets solid again. 

Coagulable proteids are converted at room temperature into a sub- 
stance possessing all the properties of alkali- or acid-albumin according 
as the reaction of the original proteid solution was alkaline or acid. c 
Some change takes place in a perfectly neutral solution, 1.¢. in solu- ; 
tions at any degree of neutrality between a marked alkaline reaction at 
one end of a series and a marked acid reaction at the other end. 

Strong solutions of egg-white are converted into a stiff jelly at ordinary 
temperatures, which remains unaltered upon boiling, even when by 
prolonged dialysis all urea has been removed. 

The presence of: urea enormously accelerates the conversion of 
proteids into either acid- or alkali-albumin, and even causes such con- 
version when none would take place in its absence. Similarly it 
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facilitates the conversion of hemoglobin into alkaline hematin or 


acid hematin ( ? acid hemoglobin). 

The presence of urea has a marked accelerating effect, greater as 
the amount increases up to about 10 °/,, upon the digestion of fibrin by 
pepsin, HCl (0°3°/, HCl) or by trypsin. In much larger quantities it 
has a retarding influence. 

A dead frog placed in saturated urea solution becomes translucent 
and falls to pieces in a few hours. The ligaments, tendons and con- 
nective tissue throughout the body are converted into a clear soft jelly. 
The muscles if shaken briskly in water fall completely into individual 


_ muscle-fibres which retain their structural features and make admirable 


histological preparations. The cornea swells up and becomes soft, the 
lens is extruded from the eye on slight pressure. The hemoglobin 
of the blood is converted into a body giving the spectrum of alkaline 
hematin, and which on reduction with ammonium sulphide gives the 
spectrum of hemochromogen. The skin brushes away with the slightest 
touch. The nervous tissues become semi-transparent and the nerves 
readily ruptured. Connective tissues of different animals are dif- 
ferently affected. In a saturated urea solution no putrefaction ever 
takes place, 

A saturated solution of urea is a valuable histological reagent—by 
its action upon the connective tissues it greatly facilitates the separa- 


tion of a tissue into its individual elements (eg. cardiac and skeletal — 


muscle, lens-fibres, fat-cells,) and except in the case of the connective 
tissues and possibly nerve-fibres there is no danger of its action being 
too energetic or going too far. The tissues can be preserved indefinitely 
in the saturated urea solution and only require transference to water 
for a short time to become stainable by all the usual methods. | 

Seeds of mustard and of cress after soaking 5 days in 5 °/, urea refuse 
to germinate on subsequent transference to water. 2°/, urea has a 
marked effect in promoting the digestion of fibrin by proteolytic enzymes. 
The minimal percentage of urea producing demonstrable effects upon 


proteid I have not yet accurately determined, although it has interest 
in connection with uraemic conditions. | 


The effects of urea upon the myelin-sheath of nerve led me to 


attempt the preparation of a compound with fatty acid. Alcoholic 
solutions of palmitic acid saturated with urea, slowly deposit clear 
crystals (similar in shape to urea), which consist of such a combinatiun. 


Similar crystals form slowly when rancid oil is shaken with saturated - 


urea solution. They are perfectly stable in ether, chloroform, xylol, 
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benzene, ethyl-acetate and saturated aqueous or alcoholic solutions of 
urea, 4.¢. in all media which do not dissolve urea. In water, alcohol or 
acetone they rapidly dissociate, urea goes into solution, and an opaque 
fissured skeleton of fatty acid is left, soluble in ether, chloroform, 
benzene, etc., and melting at the original melting-point of the fatty 
acid used in their preparation. Treated with dilute alkalies, a semi- 
transparent jelly of soap is formed, insoluble in ether, not melting even 
at 100° C., slowly dissolving in water, converted into insoluble calcium 
soap by lime salts, becoming opaque and soluble in ether after treatment 
with acid. 

Hypobromite of soda or nitrous acid cause large svolution of gas, and 
leave a residue of semitransparent soap or opaque fatty acid respectively, 

The crystals melt at 134° C. (at the same temperature as a control 
specimen of pure urea), give off ammonia and form biuret, droplets of . 
fatty acid floating on the surface, At 155° the melted liquid suddenly 
becomes solid. | 

The presence of palmitic acid up to saturation in alcohol does not 
prevent the dissociation of the crystals (cf. saturation with urea). 

Both urea and palmitic acid are present in combination—in what 
proportions has not yet been determined—and the eompound i is unstable 
in any medium capable of dissolving urea. 

The phenomena observed are not due to the development of 
ammonia or ammonium carbonate for these bodies are absent and 
control experiments show that they are incapable of producing the 


effects noted. 


Ammonium cyanate and thio-cyanate produce many of the effects 
of urea. Their action can be imitated by employing a mixture of urea 
and various electrolytes and there is reason to believe is due to the urea 
and thio-urea present in their solutions. Thio-urea appears to have 
precisely the same effects as urea, Substituted ureas and various 
amido-bodies are being employed in order to obtain further light on the 
phenomena and, if possible, to discover similar powers in other physio- 
logical substances. Investigations are being made on the rate of 
change in the proteids affected, and the influence thereon of salts, 
acids and alkalies, and also on the question how the chemical com- 
position and properties of the proteids are affected. 

- The basic character of urea shown by its combinations with various 
acids suggests that it is acting as a base, but the fact that even in 
markedly acid proteid solution urea exerts a specific effect upon pro- 
teids makes this explanation improbable. 
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The very numerous definite crystalline compounds formed by the 
union of urea and mineral salts suggest that it may act by combining 
with the mineral salts of a proteid and so give us the properties of an 


ash-free proteid. Electrolytes do exert an influence antagonistic to 


some of the effects of urea upon proteids. 

The effects of urea upon proteid may be described as (1) those of 
a ‘substance sensibilisatrice, rendering it more prone to zymolysis, 
conversion into acid or alkali-albumin : (2) protective, since coagulable 
proteids are not heat coagulable in its presence, but re-acquire their 
coagulability when the urea is removed by dialysis: (3) ‘solvent.’ 

The various possibilities are being further investigated. The above 
experiments have been made in ignorance of Spiro’s more limited ob- 
servations, to which my attention has recently been called’. 


Synthetic action on glucose with pancreatic ferments. 
By A. Crort Hitt. 


I have previously shown that, under suitable conditions, polymerisa- 
tion of glucose can be observed in the presence of yeast extract (Chem. 


es Trans. 1898), and of Taka-diastase (Chem. Soc. Proc. 1901), and 


that this takes place by a strictly reversible process. In the case of 


Taka-diastase, it was pointed out that the synthetic products were 


completely split back again in the presence of the same ferment if the 
eonditions were altered, as by diluting the solutions: The same holds 
good for the synthetic products of the action of yeast extract. Further, 
diastase and vice versd. 

_ The amount of synthetic change was sieameneil’ in these cases by the 
increase in optical activity and decrease in cupric reducing power, and — 
the results were stated in terms of conversion of glucose to maltose, 
though it was pointed out (Proc. Chem. Soc. 1901) that the synthetic 
products did not consist only of maltose but were more complex, and not 
wholly identical in the two cases. As in breaking down, so in building 
up, it is the selective nature of the enzyme-action that differentiates it 
from that of mineral acids, 

In the presence of an extract of pancreatic ferments, 60°/, elation 
of glucose show an increase in optical activity and decrease in cupric 
reducing power. The change, however, is very small, about half of that 
observed in the case of Taka-diastase. In every case the results have 


1 Vide Zeit. f. — Chemie, Bd, xxx. 
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been verified by fermenting away the unchanged glucose with Saccharo- 
myces Marxianus and comparing the residue with that obtained from 
the control similarly fermented. The sugars formed in the case of Taka- 
diastase and of the pancreatic ferment have not yet been isolated, but 
considerable progress has been made in the separation of those formed 
with the yeast extract, and a paper on the subject will shortly be 
published. 

In 1898 I advanced the hypothesis that the ordinary intracellular 
syntheses of plants and animals occurred in this way, that is, with the 
aid of intracellular ferments and in a reversible manner, and indicated 
how the reversed, or synthetic action was possible though the substances 
to be synthesised were in quite low concentration. 

It may be further emphasised that there seems to be now no reason 
for regarding syntheses in living organisms as proceeding otherwise than 
in the direction of chemical equilibrium, and one need imagine no 
peculiar virtue of protoplasm contradicting our experience of chemical 
processes elsewhere. This latter point might, of course, be assumed 
even if ferments played no part in the synthetic process, but the fact 
that they can do so makes it possible to understand how these syntheses 
can be performed with sufficient rapidity for the ordinary purposes of 
life. 
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The Jena researches on the spasm of se escape By 
J. BURDON-SANDERSON and F. BucHANAN. 


It has been previously shown that the reflex spasm evoked in a 
strychnized frog by a single excitation of the cutaneous surface, consists 
of a series of contractions with concomitant electrical variations, of 
which the first occurs after a latency period of a few hundredths 
of a second and is followed by others at intervals of from 10 to 20 
hundredths, 

We submit to-day two experiments, of which the first proves what 
has not been disputed, viz. that the phenomenon is dependent on the 
centres of the cord; the second, that not only the first excitation but 
also its successors have their origin in those centres. 

Eaperiment 1. When the cord of a strychnized preparation, is 
alternately cooled and warmed by a stream of cold or warm water, the 
rest of the body being protected as far as possible from the influence 
of the changes of temperature, the frequency of the responses varies 
according to the temperature to which the cord is exposed. We con- 
clude from this that the order and frequency of occurrence of the 
excitatory changes depend on the state of the cord, as affected by its 
temperature. 

But the seat of a physiological change is not necessarily the same 
as its origin. An important series of researches have been lately 
published from the Jena Laboratory which are supposed to show that 
the reason why the excitatory response is a serial or repeated one in a 
strychnized cord, when evoked by a single excitation of the cutaneous - 
surface, is that the afferent nerve-endings in the tendons and joints 
receive at each contraction a shatter of which the exciting effect is 
transmitted to the cord, the interval between each response (mechanical 
and electrical) and its successor depending on the physiological con- 
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dition of the cord’, Our second experiment is to show that this 
explanation is untenable. 

Eaperiment 2. A thoroughly curarized frog of which one gastro- 
cnemius has been previously protected by a ligature embracing all 
structures excepting the nerve, is strychnized. The muscle responds 
to reflex stimulation of the cord both mechanically and electrically, 
in the same way as in a non-curarized preparation. 

The above result affords sufficient evidence that the repetition of 
the central excitatory response is not dependent on the cause to which 
it is attributed by Baglioni. In case however it should be suggested 
that the mechanical disturbance produced by the contraction of the 
protected muscle was sufficient to excite the cord, the experiment was 
repeated with the addition that the sensory roots of the sciatic nerve 


- were severed on the same side as that to which the ligature was applied. 


It was found that notwithstanding the absence of any afferent channels 
of conduction leading from the observed muscle to the cord, the response 
exhibited both miechanieally and electrically the same chaxartese as 
before. 

The first of the experiments referred to above affords data relating 
to another question of great interest. It has been shown by one of us 
(Miss Buchanan) that in continuous excitation of a muscle through its 
nerve, the photographic record of the electrical response obtained with 
the aid of the capillary electrometer, may exhibit undulations, the 
frequency of which varies from 50 to 100 per second, and that in the 
case of the strychnine spasm undulations of the same order may 
present themselves on the ascending limb of each of the large waves 
in the photographic record of the strychnine spasm. The curves 
exhibited show that when variations of frequency of the large waves 
are produced by cooling or warming the cord, no appreciable change 
is observable in the frequency of these small undulations. : 

In another experiment the gastrocnemius or sartorius muscle of a 
strychnized frog was prepared and placed in a moist chamber, the 
temperature of which could be varied, the body of the frog being 
outside and remaining at the temperature of the room. In this case 
the photographic records (gastrocnemius at temperatures of 74°C. and 


12°C. respectively) showed that while the duration of the large waves 


was the same in the two cases, that of the small undulation varied 
according to the temperature of the muscle, in the same way as their 
duration was shown to vary in the records previously obtained by 


1 See Baglioni, ‘‘Physiologische Differenzirung verschiedener Mechanismen des 
Riickenmarkes.” Archiv f. A. u. Ph. 1900. Physiol. Abthlg. Suppl. p. 215. 


4 i 
“a 
a 
ag 
4 
4 
ig 
4 
= 
3: 
i 
4 
k 


SOCIETY, JULY 19, 1902. Xxxi 


Miss Buchanan of electrical responses to other forms of continuous 
stimulation. 


The facts afford additional evidence that these undulations are not 
dependent on the central nervous system. 


Time Judgment. By B. EpGELL. 


The two following questions with regard to the judgment of oiatite 
of time filled by a continuous sound have been made the subject of 


experiment. 


(1) What duration of sound can be most accurately estimated ? 

(2) When two periods of different duration are given, is the 
duration of thé period which is judged to be midway between them, 
their Arithmetic or their Geometric Mean ? 

_ The experiments were carried out according to the method of 
average error (method of reproduction). 


A sound produced by induction currents at 50 per sec. was delivered 
to the subject in a separate room by means of a telephone connected 
with the secondary coil, and the subject required to reproduce, (1) a 
sound of equal duration with that:-delivered, (2) the mean of two given 
periods. The delivery of the periods was regulated automatically and 
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the duration of both “question” and “answer” registered upon a 
kymograph. 

The results obtdined were : 

(1) The duration most favourable to estimation for the subject (S.) 
are: 1°45 sec., where the mean variable error is least; 3°33 sec., where 


.the constant error is least. 


(2) The duration judged to be dwar between two given periods 
is nearer the Arithmetic than the Geometric Mean, a result in conflict 
with Weber's Law; e.g. for periods of 1 sec. and 9 sec. (G.M. 3, A.M. 5), 
the estimated mean would be 4°5 sec. 

With shorter periods, ¢.g. ‘2 sec. and ‘18 sec., the estimated period 


_was always higher than the A.M. 


The Fig. illustrates a record of oneeiias and answers given in 
experiments of the first type. The “questioning” period is 3°25 sec., 
the constant error is practically nil; the error apparent on the record 
representing, therefore, the mean variable error at this duration. 


graduated arc rheochords. By W. Lecce Symes. 
These comprise two Poggendorf’s rheochords of high resistance, 


in which. the graduated conductors are arranged around circular arcs, 
and the loose sliders replaced by rigid rotating arms, making firm 
and uniform contact with the conductors, with minimised liability 


to injury. 

The simpler model (Fig. 1) is intended for delivering known 
fractions of the E.M.F. of a cell (or of a volt v. infra) for such purposes 
as charging a condenser. 

It consists of a series of twenty coils (each of 50 obra); : followed 
by four others (of 50, 100, 200, and 200 ohms respectively) provided 
with plugs. The cell being connected to terminals at B and D, with 
the last four coils plugged, the total resistance of the instrument is 
1000 ohms. The condenser is joined to terminals at B and C, which 
latter is connected by a flexible cable to a brass arm capable of 
rotating about an axis A, and making contact with the brass blocks 
to which the ends of the first twenty coils are attached. The EMF. 


between B and C is therefore rd of that of the cell, where WN is the 


number of the brass block on which the arm reste. By unbridging 
one or more of the plugged coils, it is possible within certain limits, 
to make this a simpler fraction of a volt, If eg. the Em.F. of the cell 


- is 12 volts, introduction of an additional 200 ohms resistance 
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reduces the P.D. between B and C from 90 to TN ¥. The four 


_ plugs can effect this adjustment when the EM.F, of the cell lies between 


| Fig. 1. | 
, B and D, ba terminals. B and C, leading-off terminals. 
The numbers 0....20 are stamped on the brass blocks opposite which the 


figures appear in the illustration, and indicate the number of (50 ohm) coils in 
circuit between B and C. 


1:05 V and 1:55 V, and does not differ: appeociably from some multiple 
of 05V. It will be noticed from the figure, that no current flows 

: between the arm and its axis; and from the apparatus itself that 
the friction contact between the arm and the blocks is firm, uniform, 
and self-cleaning. 

The second madel (Fig. 2) is used for compensating physiological 
currents, and measuring their electromotive force. 

It consists of a series of resistances of the magnitudes indicated in 
the figure, arranged around an are BFKGHD, to the ends (B and D) of 
which the measuring cell is connected. The portion BF contains 9 
one-ohm coils, and is continued by a bare; hard, iridioplatinum wire 
about 10cm. in length along which ten tenths of an ohm are marked. 
This wire connects to G through a soft movable platinum contact 
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attached to a flexible cable. Between G and H are 9 coils of 10 ohms 
each, and from H to D coils of 900, 200, 200, 100, and 50 ohms respec- 
tively, which are provided with plugs. With the 900 ohm coil un- 
bridged, and the four succeeding ones plugged, the total resistance of the 


Fig. 2. 
Aes axes wy rotating arms which can move from @ to H, and from F to B 


B and D, battery terminals. 

C and E terminals on the rotating arms, for leading-off electrodes. 

K a soft platinum contact moved by a lever not shown in figure. 

The numbers 0....9 are stamped on the ten blocks from G to H and from 
F to B respectively, and are interpreted mutatis mutandis as in Fig. 1. 


rheochord varies between 999 and 1000 ohms, and is for purposes of 
calculation assumed constant at the higher figure. Two arms bearing 
terminals F and @ rotate about axes A, and A, respectively, and are 
connected with the leading-off electrodes. 

With X on its zero, and the arms (bearing / and C) on G and P, 
the EM.F. between # and C is zero. Moving E clock wise introduces 
(between £ and () ‘01 of the E.m.F. of the cell for each 10 ohm coil 
passed, whilst counter-clockwise movement of C eens brings in a 
multiple of ‘001 of the cell voltage. 

Multiples of ‘0001 of the cell are introduced when necessary, by 
moving K from its zero until the E.M.F. under experiment is exactly 
balanced. Thus with the movable contacts placed as in Fig. 2, the 
EMF. between H# and C is rather less than ‘0331 of that of the cell. 
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With the rheochord resistance equal to 1000 ohms, the greatest 
E.M.F. measurable by the instrument is one. tenth of the cell voltage, 
but by plugging the 900 ohm coil, it is possible to measure any E.M.F. 
up to that of the cell itself. 

When the 900 ohm coil is not plugged, the foor coils immediately 
preceding D have the same use as in the simpler model. 

The model offers a great advantage in that an E.M.F. can be com- 
pensated, and measured within ‘001 volt, without bringing the weak 
point of all such hema (viz the sliding contact K) into operation 
at all. 

In both models, the contacts below the surface are soldered and 
varnished. 

- The apparatus is made by Hoyer. oe 

Demonstration of a new method for rapidly estimating the 
percentage of CHCl, vapour in mixtures of CHCl, and air. By 
A. D. WALLER. 


A bottle of the approxi- 
_ mate capacity of 500 c.c. fitted. 
with a two-way cork is filled 
with the mixture to be tested. 
It is connected (1) with a water 
manometer by a small-bore tube, 
(2) a pipette with glass tap, by 
which a known volume of oil 
(5 cc.) will be discharged into 
the bottle. Olive oil is used for 
the purpose. I ascertained by 
preliminary trial that such oil 
can rapidly absorb from 20 to 
25 times its volume of CHCl, 
vapour. 

The apparatus being charged 
and containing a known (or un- 
known) volume of CHC], vapour, 
the oil is allowed to flow into the 
bottle, which is turned about. so 
as to give a large surface of 
absorption ; at the end of 2mins. ¥Y 
the percentage of CHCl, is 
directly read on the manometer. 
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The graduation on the manometer is empirical ; the theoretical 


values of the movement in one limb of the manometer are 52, 104, 156, 


208, etc, mm. H,O for 1, 2, 3, 4, etc., percentage of CHCl, vapour. 
Practically, however, the values indicated have been somewhat lower 
and I have taken 42 mm. as the measure of each unit per cent. 
Variations of temperature during experiment. are practically eliminated 
by immersing the bottle in water at room-temperature. 

The manometric value of the added 5 c.c. of oil, ascertained by 
preliminary trial, is a constant ; it is about + 45 mm. H,O (according to 
size of bottle and oil pipette) and is conveniently cancelled by sliding 
the percentage scale to an equal and opposite degree along the mano- 
metric tube. In further trials I substituted a paraffin oil manometer 
for a water manometer. The s.a. of the oil was ‘8 and the value.of 
each percentage of chloroform was taken =52°5 mm. The displacement 


0 1 min, 2 min. 


Photograph (reduced) of the manometric excursion occurring on addition of 5 c.c. of oil 
to a 475 ¢.c. bottle containing nearly 3°/, of chloroform vapour. The absorption is 
practically complete in 2 or 3 minutes. 


pressure of the 5 cc. oil was found to be 57 to 60 mm. 
The following numbers illustrate the results obtained by this 
method, with weighed ‘bulbs of CHCI,. 


Direct readings of 
mm) lee fiuid = 200 vapour). 
3°17 %, 3°30 °/, 
3°20 3°33 
4°60 4°62 


5°30 5:34 
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Temperature range in the aii in ether anesthesia, 
(Preliminary note.) By SUTHERLAND SIMPSON. 


(From the Physiological Laboratory, University of Edinburgh.) 


In each of the four experiments recorded here a monkey (Macacus 
rhesus) was fully etherized,and then placed in a double-walled chamber 
made of thin tinned sheet-iron, which could be cooled down by placing 
lumps of ice in the water-jacket, or heated up by pouring in warm 
water. It was provided in front with a sliding glass door through 
which the animal could be watched ; an opening at the top admitted a 
thermometer and another opening at the end was connected with a 
water pump for ventilation, and for the purpose of regulating the 
other supply. The bulb of an ordinary short-stemmed centigrade 


thermometer was introduced well into the rectum, and observations 


were made every quarter or half-hour on the temperature of the rectum 
and of the chamber, and on the pulse and respiration rate. Sufficient 
ether was administered from time to time to keep the animal com- 


pletely anzsthetised. The temperature curves are shown in the 


accompanying chart, and the actual readings are given in the tables. 

In Experiment I. the animal was placed in the cold chamber at 
10.45 am. The temperature of the rectum (curve A) was then 38°6° C. 
(101'5° F.) and that of the chamber (curve A’) 88°C. The rectal 
temperature rapidly fell until at 2 p.m. it had reached 14° C, (57°2° F.) ; 
the respirations were then at the rate of-about 2 per minute and the 


__ heart-beat had ceased to be palpable at 1‘15 p.m., when the temperature 
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had fallen to 168°C. At 


12.15 p.m. when the rec- 
tal thermometer registered 
25°C. the ether was stopped, 
but notwithstanding this 
the animal continued to 
sleep on and could not be 
aroused by pinching the 
skin or pricking it with a 


needle, and the temperature — 
continued to fall steadily as 


before. At 2 p.m. the ice- 
cold water was poured out 
and rapidly replaced by hot 
water, till the temperature 
of the chamber stood at 
41°6° C. (curve A”). This 
involved a delay of only a 
few minutes not indicated 
in the chart. The tempera- 
ture now quickly rose until 
at 7 p.m. it was $7°7°C., 
when the animal was re- 
moved from the chamber, 
placed in a warm room 
(25° C.) and allowed to re- 
cover from the anesthesia. 
(Etherization was recom- 
menced at 3.15 p.m. when 
the rectal temperature was 
22° C..and before there was 
any sign of voluntary move- 
ment.) At 9.30 p.m. the 
monkey was running about 
the room and quite lively ; 
the rectal temperature was 
then 37°3°C. It was kept 
in the laboratory for a 
month after this experi- 


3 


8 9 


122-0 
495 1190-2 
118-4 
4 i 116-6 
| 
45 1113-0 
43 
42 A} 107-6 
40 104-0 
39 C 102-2 
365 \ 96-3 
95-0 
345 93-2 
33 91-4. 
32) 4 89-6 
31 \ 87-8 
| \ | 86-0 
| |i } 84-2 
28 
27 80:6 
26 788 
255 77-0 
24 \ 75:2 
23 
aot | | 71-6 
21 69-8 
20 68-0 
19: 66-2 
18 64-4 
62-6 
16 608 
15 AUN 59-0 
14 57:2 
13 55-4 
12 53-6 
il 
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48:2 
6 42:8 
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4 39:2 
3 374 
2 35-6 
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Curves A, B, C, D indicate rectal temperatures, A’, B’, 
C’, D’ temperature of cold chamber, and 4”, B” that 
of hot chamber in ee 
x Ether stopped. +« Animal died. 
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\ ment and there was no evidence whatever of any bad effects having 
| followed. 
| Experiment I, (Curves A, 4’, A” in chart). 


Temp. of Temp. of Pulse Respira- Tunp, of Teup.ot Pulse Resplre- 


rectum | 
10.45a.m. 88°C, 386°C. 212 44 25pm. 41°6°C. | 
11,15 9°2 34°8 196 56 2.15 42 152°C. not 56 | 
11.30 9°3 81°1 178 42 palpable 
11,45 72 29 154 30 2.45 43 18°4 
12 64 27 114 24 3.15 42°5 22+ 55 4 
12,15p.m. 5°8 ‘25* 98 24 4 41°5 24°8 8 16 
12.30 6 23 74 #8618 4,30 42 
12.45 62 20% 14 5 22 186 22 
1 48 10° 5.30 41°8 332 486148) 288 
pable 6.30 43 36°55 172 44 
1.30 5°6 15°5 6 7 42°5 37°77 194 58 
1.45 15 4 9.30 25 (room) 37°3 
2 58 14 2 
* Ether stopped. + Ether re-administered. 


‘Experiment II. gave a curve similar to that of Experiment I. the 
conditions being practically the same, but in this case the chamber was 
ultimately heated up to 50°C, Ether was given throughout the whole 
course of the experiment. The réctal temperature followed that of the 
chamber until it reached 44° C. (111-2° F.), when the animal died, possibly 
from an overdose of ether and not necessarily from hyperpyrexia, for at 
this temperature (50° C.) the percentage of ether vapour in the chamber 
was very high. In a little over two hours the rectal temperature had 
risen through 30°C. (54° F.). 


: Experment II. (Curves B, B’, B’). 


-11.380a.m. 12°C. 889°C. 216 78 3 p.m. 51°C. 14°8°C. not 2 
11,45 12°5 86 ble 

12 95 345 206 54 8.15 65 lM oe 
12.15p.m. 63 82°4 184 60 3.30 40 ° 15 

12,30 62 31 148 30 3.40 40 18°3 ” 6 

12.45 6°4 29°4 130 ©6382 3.45 40 20°5 72 
1 5°4 26 124 24 4 40 23 100 =615 
1.30 88 16° | 4.15 40 27 130 36 
1,45 56 430 4 205 100 29 
2 5°6 19°5 not 7 4,45 44°5 33 240 382 

palpable 5 46 87°2 252 39 

2.15 ~ 49 178 ye 5 5.15 48 412 ~° 266 56 
2.30 5°3 16°8 ‘“ 4 5.25 50 44 286 64 
2.45 6. 159 4 5°27 animal died 
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In Experiment III. the animal died early, probably from ether 
poisoning, but the temperature was observed as before and it showed 
that the dead monkey cooled down at about the same rate as the 
others, 

Experiment III. C, C’). 


Temp. of Temp. of Pulse Respira- Temp. of Temp.of Pulse Respira- 
chamber rectum rate 


Time rectum rate tion rate Time chamber tion rate 
12.30p.m. 12°2°C. 38°9°C. 186 70 4 p.m. 126°C. 18°5°C. 
1 14 36°5 172 82 4,30 10°2 17 
1.80 12°9 33 144 66 56 10°4 155 
11°8 30 50 5.30 10°5 14°8 
2.15 115 28* 6 10°8 14 
2.30 12 26°4 8 11°9 128 
8 12°2 9 12°4 12°6 
3.30 12°4 20°8 


* Animal died. 


In Experiment Iv. the animal succumbed when its + vemperatre had 
been reduced to 12°5° C. (545° F.). 


_Expertmment IV. (Curves D, D’). 


1.15p.m. 12°7°C. 37°8°C. 208 48 4.15 p.m. 8°4 183 not 9 

1.45 12°8 33°1 156 palpable 
2.15 123 29°6 120 28 4,45 9 16°6 ue 6 
2.45 26°4 90 22 §.15 9°7 15 5 
3,15 62 20 5.45 76 13°5 5 
3.45 21 54 18 6.15 67 12% 2 
6.20 animal died 


It is a well-known fact that chloroform, ether, alcohol, morphia and 
other narcotics have the power of paralysing the heat regulating 
mechanism, so that a warm-blooded animal can no longer maintain its 
temperature and becomes for the time being cold-blooded. This is very 
well seen in these experiments, but in addition they show two other 
points of interest. (1) It is remarkable that an animal so high in the 
scale of homoiothermism as the monkey should suffer no bad effects from 
having its temperature reduced to 14°C. (57°2° F.)—a fall from the 
normal of about 54° F. (2) When the rectal temperature fell sufficiently 
low— from 25° C. to 23° C.—a condition of what might be termed arti- 
ficial hibernation was induced and in this condition the animal remained 
and tended to take the temperature of the medium in which it was placed. 
It had no power of self-recovery, and continued to i, -on until 
warmed by artificial means, 
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4 Preliminary note on the changes in the osmotic properties 
of muscle due to fatigue. By W. M. FLErcHeEr. 


Elizabeth Cooke’ found that the gain in weight by the frog’s 
gastrocnemius after an immersion—unnamed, but probably of 14 hours 
—in a hypotonic (‘2°/,) solution of sodium chloride, was largely increased 
by previous activity of the muscle. A stimulation for 20 minutes by the 
interrupted induced current resulted in the percentage gain in weight 
advancing about half as much again. The increased gain in weight 
was attributed to an increased osmotic pressure within the muscle 
consequent upon the dissociative processes of contraction. 

‘By the use of the same methods I find that whether this result, ~~ 
or its exact contrary, be obtained, depends solely upon the length of — 
immersion in the hypotonic solution, and that the contrary result—a 
greater intake of water by the resting as against the fatigued muscle— 
is always to be expected when the period of immersion is prolonged 
beyond 14 hours. For an adequate description of the behaviour of the 
two, muscles, one fatigued, the other its resting ‘control’, the weight 
increments of each must be determined at short intervals from the 
beginning of the immersion. This has been done, and curves plotted to — 
show the varying rate of change in weight of each muscle. The curve 
typical for resting muscle shows a rapid gain in weight becoming 
slower later, but well maintained up to the 5th or even the 7th hour. 
The curve for the similar but fatigued muscle on the other hand shows 

a gain more rapid at first than that of the former, but a gain which 
quickly slows near the end of the Ist hour. From this point a loss in 
weight begins, and the curve descends nearly in a straight line, crossing 
the other. At or near the end of the 1st hour of immersion, therefore, 


1 Journal of Physiology, xxi. p. 137. 1898. 
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the fatigued muscle is always just heavier than the resting muscle. 
This difference seems to be constant, though slightly marked. From 
the 2nd hour, however, there begins a very notable divergence in weight, 
the unfatigued muscle still gaining, the fatigued muscle now losing, 
until, at the 5th hour or earlier, the difference in size of the two 
muscles may be as perceptible to the eye as the difference of weight is 
upon the scales. This late difference between the muscles is a pheno- 
menon far more obvious than the earlier and opposite difference. 

It has been found that a fatigued muscle which has been exposed 
for a few hours to an atmosphere of pure oxygen before its immersion in 
the hypotonic solution, gains in weight in the manner characteristic of 
unfatigued muscle, but that its pair, similarly fatigued and exposed to 
an atmosphere of nitrogen for the same time before immersion, shows 
no such restoration of its earlier osmotic properties, 


A demonstration of the of the oryrtailin 
lens. By A. D. WALLER. 


The isolated lens of a fish (or of an uncompressed pone eye) is set 
up between unpolarisable electrodes. 

Its normal (or accidental) current is precisely compensated. 

A break induction shock (Berne coil, 2 Leclanche’s, 1000 units) is 
sent through the organ, first in a “positive” then in a “negative” 
direction, the galvanometer being meanwhile short-circuited. “In both 

cases there is, if the lens is alive, a more or less considerable “blaze” 
current in a “ negative ” direction, __ 

The response is diminished, reversed or abolished, by less or more 
severe compression; it is abolished by immersion of the lens 3 m hot 
water. 

The lens of frozen fish and of obviously “tainted ” fish gives no 
response. 

The investigation, of which this experiment is a syplioal illustration, 
is communicated for the Proceedings of the Royal Society. The crystal- 
line lens of Fishes, Amphibia, Birds and Mammals responds in a similar 
manner to direct excitation by single induction shocks—i.e. gives 
ingoing responses—unlike the skin which, as described in - previous 
communications, gives outgoing responses. 


the lens, “negative” direction the reverse. 


[“ Positive” direction signifies from posterior to anterior pole of 
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of on mémmalian nerve. 


NatHanret H. ALcock. 


Waller (Animal Electricity, p. 120) stated that under the usual 
conditions there is difficulty in demonstrating the negative variation 


of isolated mammalian nerve, and consequently in using it for studying 
the action of reagents upon nerve. Bornttau and Cybulski however 


state that they have observed the negative variation in the usual way. 
I have found that by using certain precautions it is possible to use an 
isolated mammalian nerve (sciatic of kitten) in the same way as Waller 
has employed the sciatic of the frog. Further, that in the mammal, as 
in the frog, the negative variation persists with very little change for 
some considerable tinie, and that the action of anesthetics upon it, so 
far as can be said at present, exhibits no difference in the two classes 
of 


Sciatic of kitten. Negative variation. Short’ tetanisation at intervals of one minute. 
‘ Ether vapour between the vertical bars. 


-The close similarity in effect of anmwsthetics on mammalian and 
on frog’s nerve renders it legitimate to apply to the former data observed _. 


on the latter, which is the more convenient when any prolonged series 
of observations i is required. 
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On periodic darkening in “retinal rivalry.” By D. F. Harris. 


If, with one eye closed, you gaze at ¢.g. a sheet of white note-paper 
held between the open eye and a bright light, there occurs, at fairly 
regular intervals, a distinct darkening or blackness in the visual field. 
_ W. H.R. Rivers’ writing of this phenomenon says, “we are at 

present wholly in the dark as to the physiology of this phenomenon.” 
Having observed the phenomenon a great many times, I thought it 
might be interesting to ascertain, in the first place, its periodicity. 
The method was to count the number of seconds between the moment 
_ that a given blackness had vanished and the moment of the maximum 
intensity of the next blackness. As neither the establishing of the 
blackness nor its fading away is instantaneous, there is some little 
difficulty of judging the moment of maximum obscuration (end-point) 
and the first moment that one could say the field was again clear 
(starting-point). A typical series of observations may be cited.—The 
intervals in seconds were: 10, 15, 15, 17, 11, 10, 10, 6, 7, 6, 7, 6, 


ax 11°5 seconds 


te. 10 seconds = (5) of average interval, or ( 


of mean interval. 

I find the intervals vary from a maximum of 22 seconds (rare) to a " 
minimum of 6 (commoner), and in any given series of observations 
the intervals tend to become shorter and shorter towards the close. 

I would give the average period of recurrence of this curious 
_ subjective phenomenon as between ten and twelve seconds’ interval. 

The apparent size of the blackness varies, from a small, roughly 
circular black spot, to a large obscuration of the whole of the visual 
field opposite the nasal or inner part of the retina. I have never 
observed this blackening as opposite to the temporal side of the retina. 
When it occurs opposite the whole inner portion of the retina, it seems — 
bounded on its outer edge by a fairly well marked vertical border. 


1 Schafer. Text Book of Physiology, Edinburgh and London, 1900, p, 1123. 
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